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Snowed under? Us too. Here’s how stress 
works—and how to beat it. 
BROOKE BOREL 





Featuring 


CULTURED COUTURE 


Forget cows. Designer Suzanne Lee is 
growing leather in a lab. 
DANIEL GRUSHKIN 


THE VIZZIES 


Popular Science and the National Science 
Foundation honor the year’s best science 
and engineering visualizations. 

KATIE PEEK 


NOWHERE TO HIDE 


Hardware governs our homes, cities, 
infrastructure, and military. What 
happens when it's turned against us? 
P.W. SINGER 
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drone delivery 
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A sculpture you can only see with a 
microscope 

The Panama Canal gets a makeover— 
and some competition 

A planet by any other name should still 
be explored 
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Elon Musk is terrified of artificial 
intelligence. Should we be too? 


Manual 
Build a low-budget hovercraft with 
Styrofoam plates 
Revive a Roman catapult to defend 
your backyard 
Robots roam a museum at night 
The race for the fastest human- 
powered vehicles 
Foil the cable company with a lesson 
on DIY HDTV antennae 


End Matter 
Ask Us Anything: What's the worst 
possible password? 
From the Archives 


Volume 286 No.3 


Ae This 

i’; ~ 
é LAX 
| YY 
ze 


O35 
CONTENTS 


15 





For geeky DIY 
projects, vintage 
covers, and visual 
nerdery find us 
at pinterest.com/ 
popularscience 


ON THE COVER 
Studies have 
shown that play 
eases stress—in 
humans, not toys. 
Photograph by 
Sam Kaplan 
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From the Editor 


Death, Taxes, 
and Deadlines 





few months ago, I caught up 


with a buddy for a drink. He's in advertising, 
and like most of his colleagues, he works awful 
hours. Nights, weekends, you name it. But it 
didn't appear to bother him. He always seemed 
like one of those corporate Ironmen, the guys 
suspiciously impervious to heavy workloads 


and overly demanding bosses. 

But on that night, my buddy 
came clean. He told me he stopped 
sleeping well a few years before. 
Then hed gotten a weird back pain 
that wouldn't go away, so he slept 
even less. At the same time, his job 
ramped up. In pain and perpetually 
tired, he was working even more. 
Eventually, this all became intoler- 
able, so one morning he marched 
over to his boss, gave his two weeks 
notice, and resolved to figure out 
some other source of income. 


When I asked him why he hadnt 
held out until hed found that next 
best thing, he said, “I just couldn't 
live one more day with that stress.” 

In magazines, we often joke that 
in this world nothing is certain 
but death, taxes, and deadlines. For 
us editors, stress is a fact of life, 
sometimes even a badge of honor, 
but I'd be lying if I said it doesn't 
get to me sometimes. In this, Iam 
not alone. Workplace stress in the 
U.S. has been rising consistently. 
Even as we crawl out of the Great 


STRESS IS AN 
UNACKNOWLEDGED 
EPIDEMIC, 

THE TRUE SCALE 
OF WHICH 

IS STILL 

UNKNOWN. 


Recession, just about everyone feels 
like they're doing more for less— 
and they probably are. Add to that 
the usual though no-less-daunting 
pressures of child rearing, elderly 
parents, education, health care, and 
finances, and you've got a popula- 
tion that’s stretched pretty thin. 

Since the 1930s, scientists have 
known that psychological stress 
has physical impacts, but in the past 
few years scientists have started to 
grasp the full extent to which this 
is true. Chronic stress is linked to 
depression and obesity. It raises the 
possibility of heart disease by 40 
percent, and dramatically increases 
the chance of a heart attack or 
stroke. It can lead to dermatitis, 
contribute to Parkinson's, and boost 
susceptibility to rheumatoid arthri- 
tis and even certain cancers. 

In our modern age, stress is an 
unacknowledged epidemic, the true 
scale of which is still unknown. And 
that’s why we decided to make it 





our cover story this month. To re- 
search this piece, contributing editor 
Brooke Borel sifted through dozens 
of studies to figure out how stress 
affects us and, more importantly, 
how we can address it in a smart 
and scientific way. I think youll be 
pleasantly surprised at what she 
finds. At least, you'll have a good 
time reading it—and that should 
reduce some stress right there. 


Enjoy the issue. 


Cliff Ransom 
Editor in Chief 





Contributors 





William Gurstelle 

Roman soldiers invading your back- 
yard? William Gurstelle’s interest in 
historical weaponry, machines, and 
defenses could help. For the first 
installment of his Manual column, 
History Fights Back (page 68), 
Gurstelle adapted a Roman-style 
catapult, simplifying it to make it 
easily replicable. Early tests worked 
a little too well: They attracted, 
rather than deterred, neighbors. 


OG / POPULAR SCIENCE 


£ 


Jonathon Kambouris 
Assembling a sandwich is not usually 
deemed a feat, but photographing 
one suspended in midair for “Your 
Lunch Is a Sodium Bomb” (page 

34) certainly is. Aided by food stylist 
Susan Ottaviano and a near-invisible 
combination of props, shelves, and 
wires, photographer Jonathon 
Kambouris built and sculpted each 
layer of the sandwich independently, 
then assembled them in a single shot. 








Daniel Grushkin 

When writer Daniel Grushkin scans 
the room at scientific conferences, 
Suzanne Lee always stands out. 
Her unique style—which includes 
outerwear grown from microbial 
cultures—blends fashion and 
biotechnology. “She sits at an 
interesting intersection that people 
hadn't thought about until recently,” 
says Grushkin. He profiles Lee in 
“Cultured Couture” (page 48.) 





Brooke Borel 

While reporting this month's cover 
Story, “The Science of Stress” (page 
38), contributing editor Brooke Borel 
turned up a lot of misconceptions, 
the most surprising being that stress 
is all bad. Punctuated stress, as 
opposed to the chronic kind, can 
actually be healthy. For a freelance 
writer, Borel says, that came as a 
comfort, albeit a rather cold one the 
night before her deadline. 
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It’s oTTICIal. 


AT&I’s network now has the nation’s 
strongest LTE signal. 
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A Bit About Us 


Find us on Tumbtr! 





THREE THINGS THAT STRESSED US 


OUT THIS ISSUE 


1 2 


Hearing the story of 
how the world’s tiniest 
sculpture [page 29] 
was lost forever due 
to one clumsy thumb 
smudge 


Realizing that our 
passwords—no matter 
how complicated we 
try to make them— 
probably don't do 
much good [page 77] 


3 


Working around 

four holidays, one of 
the world's largest 
consumer technology 
expos, and an interna- 
tional auto show 








ST RANGES | 
TAING WE SAW AT 
TAe CONSUMER 
FLECTRONICS 
SHOW 


Of all the brilliant, amazing, crazy technology 
debuted at CES 2015, perhaps the strangest we 
found was Suitable Technologies's 18-foot-tall 
Beam telepresence robot. It lorded over the show 
floor, and made the regular-size Beam in our office 
look downright puny. 


UPDATES 


We’ve Created 
a Monster 


In the December 2014 
issue, we gave Medro- 
botics Flex System (a 
bendable bot for throat 
surgery) a Best of What's 
New award. Now, the 
researcher who invented 
the underlying technology, 
Carnegie Mellon Univer- 
sity's Howie Choset, has 
adapted it for a “Snake 
Monster.” The robot's six 
serpentine legs use force 
feedback to climb over 
bumpy terrain. 


LEGO Braille Printer 
Gets a Boost 


One of the LEGO projects 
featured in September 
2014's Manual has 
received financial backing 
from Intel. Shubham 
Banerjee, now 13 years 
old, is poised to bring his 
braille printer to market. 
Banerjee prototyped 

the device using a LEGO 
robotics kit, and his new 
version will be powered by 
Intel's Edison platform. 
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Falku goes nigh techn 


Haiku® with SenseME" is the only ceiling 
fan with an onboard computer. Here’s 
what that means for you: 


- Changes fan speeds automatically when a 
room gets warmer or cooler 


- Remembers your preferences to keep 
you comfortable 


- Works with the Nest Learning Thermostat™ 
to save on energy and bills 


- Connects to your smartphone, like 
everything else in your life 


- Adds serious brains to the best-looking 
fan on the planet 


You can even experience the smarts of 
SenseME in your home risk-free for 30 days. 


To receive a free Haiku info kit, 
visit bigassfans.com/INFO and use 
promo code PS$315. 





BIGASSFANS.COM/INFO 888-958-0205 
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Peer Review 


ECHO CHAMBER 


In his essay “Animals Like Us" 
[January 2015], Charles Siebert 
discussed the scientific investi- 
gation into personhood, inciting 
many responses, both for and 


against extending It to animals. 


Even if chimpanzees, elephants, and other ani- 


mals were as intelligent as humans, it wouldn't 
necessarily mean they should be freed. We don't 
guarantee that right to humans. Children are 
essentially captives and rely on caretakers, just 


as Zoo animals depend on zookeepers. A chimp 
on the loose in New York would certainly die. 
Clive H. Walker, Layton, Utah 


I hope the Nonhuman Rights Project's efforts 
inspire us to consider the broader issue of 
speciesism. Using cognition as the metric to 
determine who is entitled to legal and moral 
consideration is a slippery slope. But as Jeremy 
Bentham wrote, “The question is not, Can they 
reason? nor, Can they talk? but, Can they suffer?” 
Nigel Osborne, Toronto, Ontario, Canada 





DISTILLING THE PAST 

It's telling that Hackett’s moonshine 
still [Rebuild, January 2015], which 
he made from materials found in 


HAVEA a Junkyard, can produce a clean, 
COMMENT? efficient fuel. Contrast this to what 
Write to us at we're told by the professional super 
letters@ greenies, who say ethanol fuel is a 


popsci.com 
or to Popular 


bust. We haven't collectively applied 
our best minds to finding new and 


Science more efficient means to produce 

2 Park Ave. clean-burning ethanol. We need to 
gth floor seriously research this. 

NYC 10016 


B.P. Dumas, Paragould, Ark. 
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IMAGINATION AT WORK? 

I enjoyed your January 2015 “Maker, 
Inc.” article. But I find it ironic 

that GE is the one helping these 
domestic-manufacturing visionar- 
ies, particularly because under the 
leadership of Jack Welch, GE closed 
U.S. factories, “hollowed out” our 
manufacturing base, and moved 
offshore in search of cheaper wages 
to prop up its quarterly reports. 
John Sciarappa, Eatontown, NJ 


HIGH AND NOT-SO MIGHTY 

Like millions of Americans, I have 
hearing loss in the high frequencies 
but am far from deaf. A few years 
ago we had an electric range with 

an end-of-cycle signal for the oven 
you could hear most anywhere in the 
house. We now have a newer electric 
range, washer, dryer, and microwave 
with end-of-cycle beeps in such high 
frequencies I cannot hear them at 
all. Would it be too much to ask the 
experts from “Maker, Inc.” [January 
2015] to provide us all with a signal 
we can hear—and maybe even a 
volume knob? 

Carl Harber, Columbia City, Ind. 


SLICK RECOMMENDATION 

After last year’s snowfall here in 
Michigan, I planned to upgrade my 
snowblower but was struggling to 
choose between a single- and two- 
stage model. Your article on the 
new Briggs & Stratton 922EXD 
two-function auger technology [Now 
January 2015] sealed the deal for 
me. I had one in my garage the next 
day. Of course, I've probably just 
guaranteed a snow-free winter. 
Loren Sztajer, Troy, Mich. 












A toy 

repaired 
with 3-D 
printing 


SHOW 
SPELL 


In January, we asked for your 
favorite 3-D printed projects. 
Josh Thom said: “My three-year- 
old son, William, got a remote- 
control car for Christmas, but 

a wheel broke off the axle after 
15 minutes of play. After I sur- 
veyed the damage, the progno- 
sis wasnt great. But we could 
rebuild—better, stronger, faster, 
glow-in-the-darkier—thanks 

to our Printrbot. We designed a 
new wheel hub on paper, proto- 
typed it in Tinkercad, printed it 
in PLA, and installed it in less 
than 24 hours. The car works 
great, William is once again 
elated, and one of the wheels 
now glows in the dark. 3-D 
home printing for the win!” 





SEND US Show & Tell: Who says science and fashion don’t mix? Certainly not 
designer Suzanne Lee (page 48), who grows her own clothes in a 


PICS! 


nutrient broth. Email a picture of your favorite science-inspired cos- 
tume to designbyscience@popsci.com and tell us why it’s awesome. 


COURTESY JOSH THOM (2) 


PROMOTION 


POPULAR 
SCIENCE 


Why should you sign 
up for our newsletter? 














Our perspective on science Is unique. 
Like you. 


Sign up for the Popular Science editorial newsletter 
and each week you'll get the latest and greatest In 
tech reviews, science news, video, photography and 
Special offers. 





THE FUTURE NOW 
Nee ee ya PopSci.com’s news-reader app delivers 


POPULAR all the content from PopSci.com in an 
3 easy-to-read format on the go. 





Big Pic: A Hypergiant 
And its Clingy Comper 


a, ~ ws 
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Get up to the minute 
news on the cutting edge 
in scientific research, 
gadgets and green tech. 
Save the stories to read 
even when youre not 
connected, and filter them 
by your favorite topic. 





STAY CONNECTED TO THE POPULAR SCIENCE COMMUNITY Sig nu p today: 


fy s+ O& @Ot mn POPSCI.COM/NEWSLETTER 





IT’S IN THE DETAILS. 





You know every inch of your bike. Not just the 
engine size, or the color code of the paint. It’s the 
special details that only you know about. Like the 
way the exhaust opens up just right at 3,200rpm. 
Or that scuff on the footpeg you picked up while 
riding through Deal’s Gap. 


It’s the details that make your bike unique, and 
no one knows this more than GEICO. With 
GEICO Motorcycle insurance, you'll get coverage 
specific to your bike, and a team of people who love 
motorcycles as much as you do. 


When it comes to insurance, it’s the little things 


that make a big difference. Trust the details to 
GEICO Motorcycle. 


GEICO. Motorcycle 


geico.com | 1-800-442-9253 | Local Office 
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Obsessed 


Some things are just... better 
LINDSEY KRATOCHWILL 


1 SIMPLICAM 
POWERED BY 
CLOSELI 

This Simplicam 
security camera does 
more than indicate 
intruders. It identifies 
them. The device can 
remember 10 faces, 
so it can discriminate 
between a teen rum- 
maging for a snack 
and a stranger. $150 


2 HELIOS SMART 
Solar chargers sound 
great—until you wait 
around for hours 

for your iPhone to 
power up. Solpro’s new 
device reduces that 
downtime by up to 
300 percent, meaning 
it can fully charge a 
phone in 90 minutes 
with just the sun. $159 


3 RUST: THE 
LONGEST WAR 

An insidious foe, rust 
has its way with much 
of the metal that 
makes up our world. 
Author Jonathan 
Waldman follows a 
pipe-cleaning robot 
through Alaska, crawls 
in an abandoned steel 
mill, and explores why 
corrosion wields such 
power. $27 


4 FLIC 

In this era of taps and 
swipes, sometimes 
you need a good 
old-fashioned button. 
Or so think the folks 
at Shortcut Labs. The 
button can be tasked 
to order pizza, take 
photos, or share your 
location. $27 


5 BSXINSIGHT 
Serious athletes de- 
termine fitness using 
lactate thresholds (the 
point in which lactic 
acid accumulates in 
the blood). Before 
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UST 


THE LONGEST WAR 






BSXInsight, a blood 
test was the only way 
to measure it. Now, the 
noninvasive wearable 
detects levels using 
LEDs. From $300 





JONATHAN WALOMAN 





6 BEER PEEN ae 

HAMMER Sct, ere, <i 
Though always vaguely -) 
connected, drinking 
and home repair 
finally come together 
in this hammer from 
Good Beer Hunting. 
The solid bronze tool 
can drive nails and 
open a beer. Whether 
that’s a good thing re- 
mains a question. $55 


7 NANOGRID 

Tired of tripping over 
tent stakes? BioLite's 
NanoGrid can shed 
some lumens on the 
campsite. It’s anchored 
by a powerbank- 
lantern-torch combi- 
nation, which can be 
charged via any USB 
power source—in- 
cluding the company’s 
campstove. $100 


8 SPACE STATION 
RESEARCH 
EXPLORER 

For anyone who has 
dreamed of life beyond 
the stratosphere, 
NASA launched 

the Space Station 
Research Explorer. 
The app takes visitors 
on a virtual tour of 
the ISS and allows 
them to take a peek at 
experiments. Free 


10 QUITBIT 


Quitbit's heated coil lights your 


9 CHAPPIE cigarette, and each time it does, 
Neill Blomkamp’s film the device takes note. A display 
follows Chappie, a on the lighter shows how long 
robot that paints and it's been since you last lit up, 


writes poetry. But like 
any naive youth, Chap- 


and an app tracks data over 
time. Sure, it's a little counter- 


pie is subject to bad intuitive, but the designers 
influences—leading to hope the lighter’s little nudges 
potentially disas- will help smokers manage 
trous consequences. their habit. $99 

March 6 


FROM TOP LEFT: COURTESY ARCSOFT; COURTESY SOLPRO; COURTESY SHORTCUT LABS; COURTESY SIMON AND SCHUSTER; COURTESY 
GOOD BEER HUNTING; COURTESY COLUMBIA PICTURES; COURTESY QUITBIT; COURTESY NASA; COURTESY BIOLITE; COURTESY BSXINSIGHT 
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Vantage 


ADAPTIVE LENSES 


Enjoy crisper, sharper vision outdoors. 


From the vibrancy of a city to the vividness of nature, our eyes 
guide us through our adventures, creating memories and inspiring 
new ideas. Transitions” Vantage” lenses enhance these experiences 
even more by adapting to changing light and polarizing as they 
darken. As light changes, so does the tint and polarization in the 
lenses. So you always see life in the best light, with less glare and 
better clarity and color outdoors. 





Learn about the many choices 
of Transitions lenses at Transitions.com/Brilliant 





J the © button 
to view products full screen 


ys 360 VIEW 


to rotate products 


5 BUY IT NOW 


to purchase products 





download MWO®W for your iPad 





MARCH 2015 NOW 


The Platform 


In December 2013, Amazon CEO Jeff Bezos sur- 
prised viewers.and announced on-60 Minutes that 


WANTS TO te ee i eng noe ae RE ee 
ike a PR stunt, but since then, Amazon has run tes 
DELIVER YOUR flights, lobbied the Federal Aviation Administration, 
GOODS WIN LESS and listed drone engineer jobs. Few are closer to the 
TH AN 30 MINUTES project and better positioned to talk about its future 


than Gur Kimchi, vice president of Amazon Prime Air. 


EDITED AND CONDENSED BY LINDSEY KRATOCHWILL : er 
continued on next page 
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The Platform 


: 


Popular Science: Where did the 
idea of drone delivery come from? 
Gur Kimchi: I've been passion- 
ate about aviation all my life. So, 
something like drone delivery was 
never far from my mind. Amazon 
has been working on it for years, 
and in 2013, when we decided the 
technology was mature, we went 
public with it. We think it’s going to 
change the game. 


PS: How much are the drones 
able to carry? 

GK: We're designing for the small 
UAV category. Our drone—plus 
everything connected to it—weighs 
less than 55 pounds. Each one can 
carry up to five pounds, and that 
represents as much as 80 or 90 
percent of all items we sell. 


PS: Where and when will we see 
the first drone deliveries? 

GK: We will start making deliveries 
where we have infrastructure, 
such as fulfillment centers, and 
regulatory support. In terms of 
when—look, this is not that far. 
The future is sort of here. Drones 
are already being used for tasks 
such as crop monitoring and bridge 
inspection. We won't see broad 
adoption overnight, but we will get 
there, and we'll get there safely in 
the next few years. 


PS: What will it be like to receive a 
drone delivery? 

GK: I have three kids, and once 
when my wife was on a business 
trip one of the little ones woke 

up in the middle of the night 
screaming for a pacifier, which I 
couldn't find. I had a moment of 
panic. Do I wake up the other kids, 
load everyone into the car, and 
drive to a 24-hour pharmacy—if 

I can even find one? I got lucky 
and found the pacifier. But the 
better solution was for the pacifier 
to come to me. I imagine myself 
pulling out my phone, pushing a 
button, and 30 minutes later the 
pacifier shows up. It's not about 
people not wanting to make an 
effort; it's about people focusing on 
what's important to them at that 
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moment and having infrastructure 
to support that. 


PS: When you talk to people 
about Prime Air, what's the 

usual reaction? 

GK: In the beginning, people 
thought this was just science 
fiction. But in the last year, with the 
dialogue around it, it became a lot 
more mainstream. Even still peo- 
ple ask, “Wow, are you really doing 
this?” And I say, “Yes, this is my 
day job.” You get into this disbelief 
and excitement cycle. 


PS: What would you say to people 
who aren't excited, but worried? 
GK: Well, people were distrusting 
of cars when they were first intro- 
duced; they didn't want cars to go 
faster than horses. But I think the 
other part of it is that for Amazon, 
safety is a main objective. I would 
reassure people that we won't 
release anything until we know 
this is a safe system. 


PS: What are some of the tech- 
nological barriers that you're 
wrestling with? 

GK: One challenge we're working 
on is called “sense and avoid.” 

The capability allows vehicles to 
operate safely and autonomously. 
There's an analogy that a member 
of my team, Amir Navot, came up 
with: We want drones to be more 
like horses and less like cars. If 
you're sitting in a car and driving 
toward a wall, the car will hit the 
wall. If you are on a horse and you 
ride toward the wall, it will stop on 
its own. We want to make drones 
independently safe, like the horse. 


PS: How do you see the future 

of deliveries? 

GK: Think of mobile phones—they 
teleport the Internet to us. We used 
to have to go to a desktop, sit down, 
and log on to access the Internet. 
Now, it comes to us, wherever we 
are. We're aiming to do the same 
for physical goods. Prime Air is 
trying to get as close as possible 
to real teleportation—without 
breaking the Laws of physics. 
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TV IS 


CHANGING, 


THANK 
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BB Video on 
smartphones 





S| Internet video 
on computers 


MDVD & Blu-ray 
_ Time-shifted TV 


® Traditional TV 


GOODNESS 


: 


Just a few years ago, 
watching TV in the US. 
was relatively simple: 
Pick from a handful of big 


cable or satellite companies, 


and plug in a television. 
Then along came Netflix, 
Hulu Plus, Amazon Prime 
Instant, and other stream- 
ing services, effectively 
turning smartphones, 
tablets, and computers into 
TV-watching machines. 

The hype, of course, is 
these new services will 
spell the death of cable and 
broadcast, but the reality is 
a bit more nuanced—and it 
bodes well for anyone who 
loves TV. 

First, though, a few 
facts: In 2014, the number 
of American households 
that rely on a broadband 
Internet connection rather 
than a cable or satellite 
subscription grew by 112 
percent since 2013, audi- 
ence research firm Nielsen 
reports. So yes, a certain 
group is streaming more. 
But, the majority of house- 
holds is actually adding 
to traditional TV options. 
“Consumers hate to give 
up choice,” says David Tice, 
senior vice president of 
media and entertainment 
at GfK, another market re- 
search firm. Last Fall, GfK 


surveyed streaming media 
player owners and found 
that between 64 percent 
and 74 percent still hada 
paid TV service too. 

So while cord cutting 
may not be all it’s cracked 
up to be, another pheno- 
menon is happening: 
Traditional TV and the 
Internet are becoming 
interchangeable as both 
offer more exclusive content 
on viewers schedules. With 
more outlets, the compe- 
tition for audience is that 
much more intense, so the 
quality of programming is 
rising. Netflix and Amazon 
have invested in original 
series, to critically acclaimed 
results (Orange Is the 
New Black and Transparent, 
respectively). And TV 
studios are moving their 
offerings online: HBO's 
stand-alone streaming app 
is due this year, and CBS 
released one last fall. 
“Fifteen to 20 years from 
now, we may get to a point 
when all content is dis- 
aggregated and delivered 
over the Internet, and 
Comcast charges you twice 
as much for broadband,” 
Tice says. For now, it means 
couch potatoes have more 
than ever to choose from. 
CARL FRANZEN 
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2015 FORD FOCUS 


Engine 3 or 4 cylinder 


Horsepower 123 or 


37 highway 


Fuel Economy up to 27 
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There's nothing quite like the 
sinking feeling you get when a 
car starts to skid. First comes the 
realization that your vehicle is 
not going where you want. Then, 
panic, as you desperately try to 


asyaelsvand elven et-1Melmht{-v mcm -le Mee )bngs\—) 
(are you under- or over-steering?) 
Hopefully, you lay off the 
brakes, and steer into ' 


you could u 














Transitional Stability System (ETS). 
Available in the 2015 Ford Focus, ETS predicts skids 
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CAR NEWS YOU SHOULD CARE ABOUT 


1 


Single-speed EV 
transmissions will 
give way to two- 
speed units within 
5 to 6 years, 
according to 
German supplier 
ZF. As with gas- 
powered cars, add- 
ing more gears to 
electric motors will 
make them more 
efficient, extending 
their range by up to 
20 percent. 


22 / POPULAR SCIENCE 


2 


The Environmental 
Protection Agency 
iS proposing to 
reduce the federal 
ozone standard for 
cars, power plants, 
and oil refineries 
from 75 parts per 
billion to between 
65 and 7O—a move 
it calculates will 
prevent between 
710 and 4,700 
premature deaths 
per year by 2025. 


) 


From January 
through November 
2014, the average 
fuel economy for 
new light vehicles 
sold in the United 
States was 25.1 
miles per gallon, 
according to 

trade publication 
Wards Auto. That 
represents a year- 
over-year increase 
of 1.8 percent, the 
first in four years. 


4 


Alcoa, the U.S. 
aluminum group, 
developed a new 
manufacturing 
process that 
makes it easier to 
create lightweight 
aluminum body 


panels for vehicles. 


The process 
changes the metal 
at the molecular 
level, making it 

40 percent more 
formable. 





art. The system monitors a car's speed, 
and how a driver is turning, and it 






electronic stability control kicks 
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me before Ford integrates it 

-ompetitors start doing 











DESIGN OF THE MONTH 


Audi Prologue Concept 

The interior of the Audi Prologue 
Concept is an homage to a world 
without buttons. Instead of the 

usual array of dials found on most 
dashboards, the Audi has three touch 
screens. There are no physical con- 
trols. The flexible OLED screen on the 
center console also actively bends 
toward the driver for easy access. 
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PROMOTION 


ome Aes 


A new app from Popular Science. 
What did you look like as a Neanderthal? 
See for yourself the evolutionary steps that led 

from the early hominids through to modern 

Homo sapiens oy mapping your own face onto 0 peat be 
ancient skulls discovered around the world. 
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Trending 


o_o “1-1 om 
AS 7b 


Power Power 
consumption, consumption, 
in watts, in watts, of an 


Intel Core i5 
processor, 
found in stan- 


of an Intel Core 
M processor, 
used in new, 
fanless hybrid 
devices 


dard premium 
laptops 


Tabtops’? 
| aplets? 

We Love 

Them. 


Hybrid computers—the laptop- 
tablet chimeras that include con- 
vertibles, detachables, and tablets 
with keyboards—always sounded 
better than they actually were. 
That's because they always came 
at a cost. Most hybrid devices were 
either powerful (and big as a bread- 
box) or slim (and grossly under- 
powered). For the average business 
traveler, hybrids could never really 
serve as a primary computer. 

That was how things stood—at 
least, until late last year. In October 
2014, Intel launched the Core M 
processor, which is built on anew 
energy-efficient architecture that 
allows it to draw less than half the 
power of its predecessor without 
sacrificing performance. Less power 
consumption means less heat, and 
less heat means no need for active 
cooling. As a result, anumber 
of manufacturers are launching 
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lightweight, fanless, ultra-thin 
hybrid devices to go toe-to-toe with 
standard premium laptops. 

Whether the hybrid movement 
will catch on remains to be seen. 
PC sales have slowed since 2011 as 
smartphone sales have soared. But, 
if youre one of the many people 
who still travel with multiple gad- 
gets, having one less thing in your 
bag could come as sweet relief. 
RAFI LETZTER 
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sleep-aid from the 
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Sleep easily. 

Sleep soundly. , 
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The Test 





We wanted to 
CLE RCo YN 
230's battery in the 
most strenuous 
situations. First, 

we carved 134-inch 
concrete pavers, a 
standard for patio 
projects. Next, we 
cleaved off sections 
of *Ac-inch angle 
steel (used to 
stabilize walls). 
Then, we halved 
14-inch steel 
padlocks—the ones 
most commonly cut 
by fire departments. 
Finally, we decided 
to up the ante and 
cut a car door in 
half. To determine 
performance, we 
counted the number 
of cuts it took be- 
fore a fully charged 
battery drained. 


The Results 


CONCRETE PAVERS: 
45 cuts using a 
water-cooled 
diamond wheel 
STEEL: 19 cuts 
while using an 
abrasive wheel 
LOCK: 8.5 locks 
total. We sliced 
through the 
3/g-inch-thick 
shackle and the 


14/4-inch-thick body 
of each lock using 
an abrasive wheel 
CAR DOOR: Three 
cuts vertically 
across the length 
of a popular 
midsize American 
vehicle's door, 
excluding the 
window, using an 
abrasive wheel 


26 / POPULAR SCIENCE 


Ask any stonecutter or fireman 
about the most important tool in 
1tal=)] m= le-t-at- eer ele mate MAL Covel LE 
you it’s the cut-off saw. Designed to 
slice through steel and stone, cut- 
offs are the workhorse of many job 
sites—and they have an engine to 
match, gas-powered and heavy. 
The TSA 230 STIHL Cutquik is 
the first battery-powered cut-off to 
hit the market. Without a combus- 
tion engine, it’s nearly one-third the 


CONCLUSION: 
The TSA 230 isn't 
great for daylong 
projects far from 
an outlet, but for 
quick cuts, the 
combination of 
power, weight, and 
size doesn't get 
any better. It’s a 
great addition to 
any tool shed. 


weight of its gas-powered counter- 
part (down to 8.5 Lbs from 25 Lbs), 
a huge upside for emergency 
responders. It’s also emission-free, 
so operators can use it indoors. 
There’s no question about the 
TSA 230’s power, either. Its 36-volt 
battery spins the blade at 6,650 rpm 
while a built-in water line keeps the 
wheel cool and controls dust. Stihl’s 
gas-powered cut-offs operate at 
about 5,000 rpm, so it’s clear the 
TSA 230 has plenty of torque. The 
real question here is whether its 
battery will hold up over time. So we 
decided to put it to the test. 
SAL VAGLICA 
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Maximum 
depth, in 
millimeters, 
of the TSA 
230's cut 
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Introducing The Revolutionary 
SunSetter Retractable Awning! 


If you’re tired of having your outdoor enjoyment rained on...baked out...or 
just plain ruined by unpredictable weather... 

At last there is a solution! One that lets you take control of the weather on 
your deck or patio, while saving on energy bills! It’s the incredible SunSetter 
Retractable Awning! A simple...easy-to-use...& affordable way to outsmart the 
weather and start enjoying your deck or patio more...rain or shine! 

The SunSetter® is like adding a whole extra outdoor room to your home... 
giving you instant protection from glaring sun...or light showers! Plus it’s 
incredibly easy to use...opening & closing effortlessly in less than 60 seconds! 

So, stop struggling with the weather... 
& start enjoying your deck or patio more! 
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You choose full sun or total 
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Explore the Universe 
with the Smithsonian 


From Saturn’s rings to the heart of the Milky Way, and from 
colliding galaxies to cataclysmic gamma-ray bursts at the edges of 
visible space, some of the most spectacular sights in the cosmos 

are now as easy to see as the stars above. A Visual Guide to the 
Universe, produced in partnership with the Smithsonian, takes you 
there in 18 lavishly illustrated lectures taught by award-winning 
professor and distinguished astronomer David M. Meyer of 
Northwestern University. 


Among your many adventures, you will orbit Saturn with the 
Cassini probe, see an asteroid up close with the Dawn spacecraft, 
and search for water and life on Mars with the Mars rovers. 
Looking beyond our solar system, you will witness how an armada 
of remarkable space telescopes is uncovering the secrets of the 
cosmos. Embark on our era’s greatest voyages of discovery. Without 
leaving home, you'll find the view is truly out of this world! 


THEGREATCOURSES.COM/6PS 
1-800-832-2412 





A Visual Guide 


to the Universe 


Taught by Professor David M. Meyer 
NORTHWESTERN UNIVERSITY 


LECTURE TITLES 

Probing the Cosmos from Space 

The Magnetic Beauty of the Active Sun 
Mars—Water and the Search for Life 
Vesta and the Asteroid Belt 

Saturn—The Rings of Enchantment 

The Ice Moons Europa and Enceladus 
The Search for Other Earths 

The Swan Nebula 

The Seven Sisters and Their Stardust Veil 
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. The Andromeda Galaxy 
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Hubble’s Galaxy Zoo 
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. The Brightest Quasar 
. The Dark Side of the Bullet Cluster 
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The Cosmic Reach of Gamma-Ray Bursts 
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. The Afterglow of the Big Bang 


A Visual Guide to the Universe 
Course no. 1893 | 18 lectures (30 minutes/lecture) 


DVD $219-95 NOW $64.95 


+$10 Shipping, Processing, and Lifetime Satisfaction Guarantee 
Priority Code: 108819 


For 25 years, The Great Courses has brought the world’s 
foremost educators to millions who want to go deeper into 
the subjects that matter most. No exams. No homework. 
Just a world of knowledge available anytime, anywhere. 
Download or stream to your laptop or PC, or use our 

free mobile apps for iPad, iPhone, or Android. Over 500 
courses available at www.TheGreatCourses.com. 
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Human hair 





a y a 
The world’s smallest human figure, by artist Jonty Hurwitz, is only as tall 

as a sheet of paper is thick—just 100 microns, To “sculpt” it, he had nanosci- 

entist Stefan Hengsbach direct long-wavelength light through’a microscope 

onto a photosensitive polymer. This produced a single voxel, or 3-D pixel, at 

the focal point. Following a digital model, Hengsbach repeated the process 

to build the figure one voxel at a time. The hyperaccurate technique also has 
practical applications in medicine. For example, researchers can manufac- 

ture minuscule scaffolds for growing kidney tissue inside a patient's body, 
eliminating the need for an organ transplant. HEATHER HANSMAN 
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By Design 


THE PANAMA CANAL’S 
MASSIVE UPGRADE COULD 
TRANSFORM GLOBAL 
SHIPPING. AGAIN. 





v 


Over the past 20 years or so, traffic 
on the world’s oceans has quadru- 
pled. Ships now carry 95 percent 

of the cargo imported to American 
shores. To move those goods more 
quickly and cheaply, cargo ships have 
grown nearly four times bigger—and 
many are now too large to fit through 
the Panama Canal. 

A $5.25 billion expansion project, 
scheduled for completion this year, 
will create two new lock complexes 
and a third Lane of traffic. The new 
Panama Canal will be roomy enough 
for boats nearly three times the 
current maximum size. 

Approximately 52 percent of 
container ships that leave Asia for 
the East Coast today opt to traverse 
the arguably less secure Suez Canal, 


ATLANTIC OCEAN 


PANAMA ? 


GATUN LAKE 
3 MILES 


HOW IT WORKS 


Traveling the Panama Canal 
involves nine steps, each of 
which will be upgraded in order 
to raise bigger ships from sea 
level up to lake level and back 
down again. KATIE PEEK 


Progress as of December 2014 





30 / POPULAR SCIENCE 








which cuts through Egypt to connect 
the Mediterranean and Red Seas. The 
Panama Canal’'s upgrade may soon 
bring the bulk of intercontinental 
traffic its way. The expansion will 
shake up shipping patterns and make 
trade more efficient by requiring less 
time, fuel, and money to get more 
products to U.S. ports—just as the 
original canal’s opening did in 1914. 
REBECCA BOYLE 
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Bigger boats sit deeper in the 
water, so construction crews 
dredged some 2 billion cubic feet 
of muck to make room. 


PACIFIC OCEAN 
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SEA LEVEL O TO 85 FEET 85 FEET 85 FEET 85 FEET 
Enter the canal at Rise through Cross Gatun Lake Pass through the Navigate the 
Port Cristobal Gatun Locks lake's channels Culebra Cut 


A wider entrance 
will cut down on 
wait times, which 


can last a few days. 
—————————EEEEEaaaas 


The lake’s level 
will be raised 
two feet to boost 


reservoir capacity. 
ESE 


New, bigger locks 
will accommodate 
ships three times 


today’s Panamax. 
—— 


Deeper channels 
will enable 
navigation by new 


Panamax ships. 
—— 


The cut connecting 
Gatun Lake and the 
Pacific locks will 


be four feet deeper. 
—— 


ILLUSTRATION BY Graham Murdoch 
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Tons of cargo that have traversed the Panama Canal since it opened in 
1914, about 50 times the cargo U.S. ports handled in 2010 


FILLED 
TO CAPACITY 


Freighters are classified according 
to how many 20-foot containers they 
can hold, measured in 20-foot equiv- 
alent units (TEU). Bigger vessels have 
enabled ever-more efficient ocean 
shipping over the past century. 


OLD PANAMAX 4,500 TEU 

Built to take full advantage of the 
existing canal, these cargo vessels 
were already too small for the ship- 
ping industry by the mid-1990s. 


New Panamax ships, soon to be 
accommodated by the canal’s larger 
locks, carry nearly three times as 
much cargo as their predecessors. 


GLOBAL MAX 19,000 TEU 

The world's biggest boat, China Ship- 
ping Container Lines Globe, is longer 

than four football fields. It launched 

in November, and even the upgraded 

canal won't be able to handle it. 





A BIGGER, FASTER SUEZ 


As Panamas eight-year upgrade wraps up, it’s getting more compe- 
tition. In August, Egyptian president Abdel Fattah el-Sisi announced 
plans to add another lane to the Suez Canal. The expanded waterway 
will accommodate two-way traffic, doubling its capacity from an 
average of 49 ships a day to 97, and cutting transit time from 18 hours 
to 11. It is ambitiously scheduled for completion in August 2015, 
making the two projects a race to the finish. 


Nicaragua Grand 
Canal 


Panama Canal 


COSTA RICA 


200 MILES PANAMA 


A NEW 
CONTENDER IN 
NICARAGUA 


Just north of Panama, the 
proposed $50 billion Nicaragua 
Grand Canal would stretch 172 
miles from Atlantic to Pacific, 
half of that through Lake 
Nicaragua, the country’s larg- 
est source of drinking water. 
Chinese entrepreneur Wang 
Jing announced plans (and 
funds) for the canal last sum- 
mer, and work began at the end 
of December. The canal aims 
to accommodate 18,000-TEU 
ships, capacity that Hofstra 
University geographer Jean- 
Paul Rodrigue and other critics 
say far exceeds demand, unless 
global trade doubles in the next 
few years. “Transportation is 
of course an enabler of trade,” 
Rodrigue says. “But it’s not the 
magic wand that creates it.” 
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85 TO 54 FEET 54 FEET 54 TO O FEET 
Enter the Pedro Cross Miraflores Descend through 
Miguel Locks Lake Miraflores Locks 


Currently, ships nearing the Pacific 
encounter two sets of locks, separated 
by an artificial lake. A new Pacific access 


channel will bypass these steps altogether. 
a 


The locks on the 
Pacific side will be 
expanded to match 


the Atlantic's. 
Eee 


SEA LEVEL 
Enter the 
Pacific Ocean 


Dredging, 
completed in 2013, 
will make exiting 


the canal faster. 
a) 


It takes eight to 10 hours to traverse the Panama 
Canal, plus 15 more while waiting on either end. 
That’s still a lot faster than the shortest alternate 


ocean crossing, which tacks on some 3,000 miles. 
A freighter from East Asia, averaging 19 knots, 
could get to the Gulf of Mexico in 41 days going 
around Cape Horn or 43 using the Suez Canal. With 
the Panama Canal, the trip takes only 25 days, slash- 
ing time by 40 percent, not to mention fuel costs. 
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Time Machine 


Close-Up of an 
Ex-Planet 


v 


This month, the Dawn probe will give scientists their first clear view of dwarf 
planet Ceres. Like many objects in our solar system, it has a checkered past. 
Astronomers deemed the body a planet, then an asteroid, then a dwarf planet, 
all in the span of 200 years. The designation isn't up for debate on this mission. 
But if history is any guide, the term used to describe a rocky planetoid is still 
anything but solid. KATIE PEEK 
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By 1700 1750 1800 1850 1900 1950 2000 
Sun © Es 
Mercury 
Venus 
Earth 
Moon =) 2 
Mars | 
Ceres ) o_——_—_ —) 
Pallas eo —o 
Juno eo —-) 
Vesta 
Jupiter 
Uranus | 
Neptune oo  __——— 
Pluto ee | ej ——“O0: 
Eris , en. 
ANTIQUITY EARLY TELESCOPIC ERA ADVENT OF MODERN ASTRONOMY 
. 4 4 4 4 - 4 
Before the invention By 1700, scholars had As telescopes grew By the mid-1800s, Astronomer Clyde In 2005, astronomers The International 
of the telescope in accepted Copernicus's in size, strength, and astronomers agreed Tombaugh first discovered Eris— Astronomical Union 
1608, people could 16th-century view popularity, scientists there were too many glimpsed the appropriately named officially defined 
see seven bodies that the Sun, not started spotting rocks floating in the diminutive Pluto in for the goddess of “planets” in 2006. 
move across the Earth, anchored the additional apparent asteroid belt for Ceres February 1930. For the discord—a body larger Ceres, Pluto, and 
night sky and named solar system. The planets. Uranus was and its companions next seven decades, than Pluto and one Eris only qualify as 
them “planets,” Greek Earth was added to first, in 1/81. Ceres, to warrant the title it would rule the of a growing number dwarf planets, which 
for “wanderers.” the planet list and Pallas, Juno, and of “planet,” so these distant reaches of of icy objects in the are big, spherical 
the Sun removed. The Vesta soon followed. objects quietly fell the solar system as neighborhood that bodies whose gravities 
moon was relegated from the ranks. the ninth planet. looked suspiciously don't dominate their 
to satellite status. like planets. orbital zones. 


DAWN’S DEEP-SPACE ENGINES 


Dawn will be the first craft to extremely low but constant thrust. 
orbit two deep-space bodies (To approximate that force, tear out 
(Vesta, in 2011, and now Ceres) this page and rest it on your palm.) 

in a single mission—a feat made The craft accelerates gradually to 
possible by its ion-propulsion high speed and uses far less fuel than 


engines. Instead of hauling heavy a conventional rocket. Ion propulsion 
chemical fuel, Dawn relies on solar — will enable increasingly ambitious 


energy to charge atoms of xenon exploration, says Marc Rayman, 
gas. Electrified metal grids push Dawn's chief engineer and mission 
the newly formed ions into space director: “We're going to see a whole 


at up to 90,000 mph, providing an new world.’ JUNNIE KWON 
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Planet 


Dwarf planet 


Asteroid 
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Proclaimed a 
planet 


Lost planet 
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Received first 
spacecraft visit 











Why visit Ceres 
when it isn't even 
considered a planet 
anymore? Compare 
Hubble's best shot 
of Vesta [left] to 
Dawn's [above]. 
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The Ultimate Shock 
Absorbing Footwear 

As featured in hundreds of 
magazines, on radio and 
TV nationwide, Gravity 
Defyer® shoes are changing 
lives every day. They 

have become a comfort 
Ohenomenon, and are being 
used and recommended by 
orofessionals in hospitals, 
the food service industry, 
board rooms across the 
country and more. 


A Decade of Science in Every Pair 

The patented VersoShock” system was 
developed by Impact Research Technology and 
is found exclusively in Gravity Defyer” footwear. It 
alosoros harmful impact relieving discomfort from 
every steo before returning energy that propels 








you forward. Stay more active on your feet and 
experience unparalleled comfort and performance. 


Feel Weightless 


Standing, walking, and running are easier as the 
VersoShock” system's energy return makes you 
feel lighter, like you're walking on clouds. 
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By the Numbers 





YOUR 
LUNCH IS 
A SODIUM 
BOMB* 


Americans love their sandwiches. 
A recent USDA study found that 49 
percent of adults eat one every day. 
“You're not going to get a quicker, 
more economical lunch. And sand- 
wiches can be quite healthy,” says 
Joan Salge Blake, a professor of 
nutrition at Boston University and 
spokesperson for the Academy of 
Nutrition and Dietetics. The problem, 
the study revealed, is that their 
sodium content has gotten out of 
control. A large steak sub from 
Quiznos, for example, contains 4,320 
mg, almost twice the CDC's daily 
limit of 2,300 mg. The excessive 
sodium in oversize portions of pro- 
cessed cheeses, meats, and bread 
raises blood pressure and, along 
with it, the risk of heart disease. 
Unless you're buying low-sodium 
fixings, even a seemingly innocuous, 
homemade sandwich—such as the 
one at right—can take you past your 
daily limit. BREANNA DRAXLER 












25 


Percentage of total 
deaths in the U.S. 
caused by heart 
disease, about 
600,000 annually 


* Here's how to 
refygbty-B he 


“Today's takeout sandwiches are 
huge. Go back to the one your 
grandmother would have made. 
Keep the bread down to what a 


true serving is (60 to 70 calories). 
Add just a few slices of lower- 
sodium deli meat, and top it with 
what we really need, which is a 
variety of vegetables. Since they 
are very low in sodium, they can di- 
lute out the higher-sodium items.” 


—JOAN SALGE BLAKE 
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Total sodium, in 
milligrams, in 
this sandwich, 
which was built 
with a single 
serving of each 
ingredient 
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Lettuce 


~ 
Feence” 


More than half of the U.S. population—kids, adults over 50, African-Americans, and people 
with diabetes, hypertension, or chronic kidney disease—should aim for just 1,500 mg of 


sodium per day. That's equivalent to just two-thirds of this sandwich. 


PHOTOGRAPH BY Jonathon Kambouris 
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A Better Bed = Better Sleep 


101 Night No-Risk Trial 


No return fees. No restocking fees. No fine print. No hassles. 100% refund. 
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The Big Idea 


ARTIFICIAL 


INTELLIGENCE 





WILL NOT 


OBLITERATE 
MUMANIT Y ......... 


It's not smart enough 
to turn sinister 


| 
Vv 


Elon Musk is terrified of artificial intel- 
ligence (AI). The founder of SpaceX 
and Tesla Motors predicts It'll soon be 
“potentially more dangerous than 
nukes,” and recently he gave $10 million 
toward research to “keep AI beneficial.” 
Stephen Hawking has likewise warned 
that “the development of full AI could 
spell the end of the human race.” 


\ 


amt J 





Neurons, in 
millions, that 
researchers 
have simulated 
in a single 

AI system. 

A human brain 
has 86 billion. 


Musk and Hawking dont fear gar- 
den variety smartphone assistants, 
like Siri. They fear superintelligence 
—when AI outsmarts people (and 
then enslaves and slaughters them). 
But if there's a looming AI 
Armageddon, Silicon Valley remains 
undeterred. As of January, as 
many as 170 startups were actively 
pursuing AI. Facebook has recruited 
some of the field’s brightest minds 
for anew AI research lab, and 
Google paid $400 million last year 
to acquire DeepMind, an Al firm. 
The question then becomes: Are 
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software companies and venture 
capitalists courting disaster? Or are 
humankind's most prominent geeks 
false prophets of end times? 

Surely, creating standards for the 
nascent Al industry is warranted, 
and will be increasingly important 
for, say, establishing the ethics of 
self-driving cars. But an imminent 
robot uprising is not a threat. The 
reality is that AI research and 
development is tremendouly 
complex. Even intellects like Musk 
and Hawking dont necessarily have 
a solid understanding of it. As such, 
they fall onto specious assumptions, 
drawn more from science fiction 
than the real world. 

Of those who actually work in AI, 
few are particularly worried about 
runaway superintelligence. “The 
AI community as a whole is a long 
way away from building anything 
that could be a concern to the 
general public,” says Dileep George, 
co-founder of Vicarious, a promi- 
nent AI firm. Yann LeCun, director 
of AI research at Facebook and 
director of the New York University 
Center for Data Research, stresses 
that the creation of human-level Al 
is a difficult—if not hopeless—goal, 
making superintelligence moot for 
the foreseeable future. 


free from all anxieties. “What ss 
ple in my field do worry about is the 
fear-mongering that is happening,” 
says Yoshua Bengio, head of the 
Machine Learning Laboratory at 
the University of Montreal. Along 
with confusing the public and 
potentially turning away investors 
and students, Bengio says, “there 
are crazy people out there who 


Are humankind’s 
most pr ominent 
geeks false 
prophets of end 
times? 


believe these claims of extreme 
danger to humanity. They might 
take people like us as targets.” The 
most pressing threat related to Al, 
in other words, might be neither 
artificial nor intelligent. And 

the most urgent task for the Al 
community, then, is addressing 
the branding challenge, not the 
technological one. Says George: “As 
researchers, we have an obligation 
to educate the public about the 
difference between Hollywood and 
reality.” ERIK SOFGE 
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24/7 Protection. 


Exceptional Savings. = ae 
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out of thousands of dollars. How do they do it? 
By locking you into long-term contracts charging (6) SimpliSafe 


you $30, $40, sometimes even $50 each month. 











e ’ - 
F or 100 years alarm salesmen have a ! | = 





successfully tricked millions of homeowners 





Protect your home and your wallet with a SimpliSafe home security system. Our alarm monitoring costs just 
$14.99/month, and we'll never lock you into a contract, so you're free to cancel with us anytime. Each year that 
you protect your family with SimpliSafe, you'll save up to $420...that’s why the nation’s leading financial expert, 
Dave Ramsey, recommends us to all his listeners. Try SimpliSafe today! You have nothing to lose—we are so 
sure you ll be happy that we offer you a three year product warranty, a 60-Day No-Questions-Asked Full Refund 


Guarantee and FREE SHIPPING! Get more security, more freedom, and more savings. That's SimpliSafe. 







Protecting your family is Important, but 
dont ever sign a contract. Do It the right 
Way with SimpliSafe. —Dave Ramsey, financial expert 


& New York Times bestselling 
author of “Financial Peace” 
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HERE’s HOW IT worK> 


PHOTOGRAPHS BY SAM KAPLAN 
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Stressed out. 


Under pressure. Run down. We tend to think of stress as a bad 
thing—and it can be. Traumatic experiences in early childhood can 
destroy mental health later in life, and chronic stress has been 
linked to illnesses such as cancer and diabetes. But stress can be 
good too. It helps us navigate an unpredictable world and determine 
which new experiences are good, bad, or dangerous. It also primes 
us to respond to similar situations in the future. The key with stress 








is to strike a healthy balance—getting enough at the right moments, Number of LEGO Minifigure faces expressing anger, 
but not too much overall. If the prospect of following that advice sadness, and fear, according to a study of the 627 different 
makes you tense up, take a deep breath: Science can help. heads released between 1975 and 2010 
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“STRESS IN THE 
BROADEST SENSE IS A WORD 
WE GIVE TO THE EXPERIENCES 
IN OUR DAILY LIFE, HOW WE 
INTERPRET THEM, AND HOW 
WE RESPOND TO THEM.” 


—Bruce McEwen, neuroscientist, Rockefeller University 


) 
















THAT 
PANICKY 
FEELING 









ALARM SIGNAL BRAIN TRIGGER 

When you hear, see, or The signals feach the amygdala—a brain 
otherwise perceive a threat, region that helps with decision-making 

nerve signals whisk the and the regulation of emotions. The 

message to your brain. amygdala in turn alerts the hypothalamus, 


which controls hormone production. 





HORMONE CASCADE 
The fast-acting part ofthe nervous system releases adrena- 
line. Meanwhile, the/hypothalamus produces corticotropin- 
releasing hormone/nitiating a sequence that finishes with the 
production of the stress hormone cortisol. 


__——* Oo 





MESSENGERS THE KEY MASTER RESPONSE 
Cortisol, epinephrine (a.k.a. Nearly all cells—in all organs and tissues— Cortisol boosts blood sugar. Epinephrine 
adrenaline), and other chemi- are studded with proteins called makes the heart pound, increasing the 
cals enter the bloodstream and glucocorticoid receptors. Cortisol fits into oxygen flowing into major muscles. You're primed 
travel throughout the body. them like a key to a lock. for fight or flight. 
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PROP STYLING BY WENDY SCHELAH FOR HALLEY RESOURCES 


DARWIN SWEAT IT TOO 





Stress / How IT WoRKS 





Stress exists because it gives us 
an evolutionary advantage—for 
example, it allowed our early an- 
cestors to dodge hungry predators. 
Today's version was shaped through 
natural selection; genetic variations 


that gave certain individuals an 
edge were passed down through 
generations. But modern times bring 
new pressures, in part because 
society has become increasingly 
complex. “Each of us are members 


WHO’S STRESSED? 


Most everyone, but women more so than men and the unemployed 
more so than the retired. That's according to a study by a pair of re- 
searchers at Carnegie Mellon University, who asked Americans how 
much the unpredictable and uncontrollable cause stress in their 
lives. They compared their 2009 results with a similar survey taken 
nearly three decades earlier. The demographics vary, but one trend 
Is Clear: We're more stressed now than we were then. KATIE PEEK 


Year of survey Amount of stress 


yale eae 





BY SEX 


Men ercccccccscessoecoceces ererceceece 
Women ercvecccccceccoccocosonsces corcescece 


BY AGE 

Under 25 

25-34 

30-44 

45-94 

55-64 2) 
Above 64 © 


BY EDUCATION LEVEL 


Less than high school © 
High school 

Some college 

Bachelor's degree 

Advanced degree 








> Lots 


BY RACE 

Black 

White eocsncsncsvcsesnoenesncocsncs 
Hispanic 
Other ecveeceussecsvevecsesvesssereses 





BY EMPLOYMENT STATUS 

RELIC  —=—__—_—_—Cismeeatneentrnennnnnne i ©- sebsabeesionien 
et ee oo 
Homemaker 
Full-time escenecnesecssencescenessed 
Unem ployed icin 
Other initiosdianianemsiudiieel » 
BY INCOME LEVEL 


$25,000 or less 

$25,001-35,000 
$35,001-50,000 
$50,001-75,000 
$75,001 or more 














of many different social groups, 
and each of them have different 
expectations of us,” says Randolph 
Nesse, a physician and evolutionary 


biologist at Arizona State University. 


“ALL of them want more of our time 


STRUNG OUT? 


YOU'RE NOT 
ALONE 






37 


Percentage of U.S. 
adults who feel over- 
whelmed by stress 


wm 


Percentage of U.S. 
women who report ex- 
treme stress, compared 

to 17 percent of men 







71 


Percentage of U.S. 
adults who say money 
is a major source of 
stress 


People in Western and 
Southern states report 
more stress than those 
in the Midwest and 
East Coast. 


SIGNS OF STRAIN 


HEART RATE 


Your heart races 
in tense situ- 
ations, which 
may be one of 
the reasons 
Tulane Univer- 
sity researchers 
found heart 
attacks were 
three times 

as common in 
New Orleans 
post-Katrina. 


BLOOD 


PRESSURE 
Notice that 
your forehead 
vein throbs 
when youre 
about to blow 
up? Stress 
boosts the force 
against the 
artery walls 
as the heart 
pumps blood. 


HORMONES 


Changes in 
cortisol and 
other hor- 
mones register 
in your Saliva, 
indicating not 
only stress, but 
according toa 
recent study, 
possibly also 
how well you 
respond to it. 


INFLAMMATORY 
MARKERS 
Thinking 
about stressors 
can actually 
increase 
inflammation 
and the level of 
inflammatory 
markers, such 
as c-reactive 
protein, circu- 
lating in the 
bloodstream. 





ALLOSTATIC 
LOAD 

A fancy word 
for the toll 
taken by all of 
your chronic 
stresses, as 
measured by 
the cumula- 
tive wear and 
tear on the 
cardiovascular 
system and 
other organs. 


than we can actually provide.” That's 
not to say we're more stressed than 
early humans. “Nero thought Roman 
times were stressful,” Nesse says. 
Ours just involves trying to parse 
Facebook's privacy settings. 


NAME 
THAT 
TENSION 


ACUTE STRESS 
(short-term) 


Immediate threats trigger a 
fight-or-flight response. In 
addition to flooding the blood- 
stream with hormones, the 
body releases small proteins 
called cytokines, which help 
regulate the immune response. 
Until Firdaus Dhabhar, a neuro- 
immunologist at Stanford Uni- 
versity, started studying their 
effects in the 1990s, scientists 
didnt understand that acute 
stress can actually enhance 
the immune system, improving 
your health. 


CHRONIC STRESS 
(long-term) 


Everyday annoyances like 
heavy traffic or an overwhelm- 
ing inbox—or sustained crises, 
such as unemployment or 
caring for a sick relative—can 
cause the body to activate the 
stress response constantly. 
The body and brain can't reset 
hormones and inflammatory 
chemicals to normal levels, 
damaging the immune system 
and making you more likely 

to get sick. 
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CRACK 








JOKE 


Comedian Tig Notaro had 

a famously stressful year in 
2012. Within months, she got 
pneumonia, Clostridium difficile 
(an intestinal infection spurred 
by antibiotic use), went through 
a breakup, her mom died unex- 
pectedly, and she was diagnosed 
with breast cancer. It doesn't 
exactly sound like comedy gold. 
But even before the shock had 
worn off, Notaro was airing her 
woes on a stage in Los Angeles. 
The now-legendary set killed. 
Popular Science recently caught 
up with Notaro to talk about 
finding the comedy in tragedy. 


PS: At what point did you decide 
to turn this distressing series of 
events into material, especially 
since the trauma was so fresh? 
TN: It wasn't a hard decision. 

I didn't feel like there was any 
other option. With everything 
that was on my mind, I couldn't 
just stand up on stage and 

go into some weird topic that 


THERE'S 
NOTHING 
TO DO BUT 


A CANCER 








; 


wasn't true. I was really hoping 
they would laugh, and—I mean, 
it was a rough night. There 
wasn't explosive, comfortable 
laughter start to finish. But 
there were also real belly 
laughs from the audience. 


PS: Do you find comedy to be 
therapeutic? 

TN: In the beginning of my 
horrible time in 2012, I kind of 
lost my sense of humor. I didn't 
identify with being a comedian. 
I felt very lost and confused. 
And it wasn't until my cancer 
diagnosis that I got my sense 
of humor back. It seemed so 
over-the-top to be diagnosed 
with cancer when I didn't have 
a mother or a girlfriend and I 
couldn't eat food. It seemed so 
insane it made me laugh. 


PS: You still talk about the can- 
cer and subsequent treatment 
in your sets. How else has your 


“PEOPLE WHO ARE GENERALLY 
AMENABLE TO CHANGE DO THE BEST. 
THE RISK IS QUITE HIGH—A MISTAKE 
COULD BE MADE, AND THEN YOU’RE 
RETURNING WITH EBOLA. SO YOU'VE 
GOT TO UNDERSTAND YOURSELF 
WELL ENOUGH TO COPE.” 


—Alex Kumar, an infectious disease doctor who volun- 
teered with the British Red Cross in Sierra Leone 


eo 


SS. 


comedy changed since 2012? 
TN: I've allowed myself to be 
way more personal with the 
experiences I share. I've realized 
that—you know, it’s so obvious 
and cliché, but people connect 
most with someone when things 
get personal. It hits harder when 
you're telling your own story. 


PS: How does it feel to talk so 
openly about this stuff on stage? 
TN: It carries a risk, and there is 


a wave of stress that comes over 
me. But that’s more excitement. 
I feel alive when I don't know 
what's happening. I think that is 
what being alive is. You have no 
idea what's around the corner, 
and I think if you can embrace 
that, there’s no better feeling in 
the world. 


Notaro’s upcoming document- 
ary, Knock, Knock, It's Tig Notaro, 
airs on Showtime on April 17. 
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ILLUSTRATIONS BY JASON SCHNEIDER 


FUNNY OR DIE 


A good laugh feels cathartic and that may not 
be acoincidence. Scientists are still learning how 
humor may help people cope with stress, but they 
do know that laughter boosts heart rates, breath 
rates, and oxygen consumption, and helps you re- 
lax. There is also some evidence that laughter may 
affect stress-related hormones. Researchers from 
Loma Linda University, for example, have found 
that elderly test subjects have lower cortisol levels 
in their saliva after watching humorous videos. 
Humor may also be helpful for those in high- 
stress jobs. A 2013 study of 179 firefighters by 
psychologists at Indiana University and Purdue 
University suggested that humor buffers the 
effects of burnout and post-traumatic stress 
disorder. The type of humor may matter, too. 
In 2012, research by Shino Takaoka, a clinical 
psychologist at Kwansei Gakuin University in 
Japan, found that self-deprecating humor may 
be better at alleviating stress in women, while 
aggressive humor may have a negative impact 
on mental health in men. 





UNIVERSAL DEFENSE 


On tough days it’s easy to envy your dog, but all life, in fact, needs 
some form of a stress response to deal with its environment. 





FUNGI 

Fungal pathogens use chemical signals to handle 
stressors, including salts (which suck water from 
their cells) and toxic materials (which can strain 
their protective membranes). 


MONKEYS 

Macaques with low social status express genes 
associated with stress hormones and inflammation, 
and have fewer white blood cells. When their rank 
improves, so may their health. 


RODENTS 

In the laboratory, both mice and rats briefly 
produce pain-inhibitors when they smell human 
males—but not females. That may skew experi- 
mental data collected by men. 


BUTTERFLIES 

When exposed to extreme temperatures in their 
chrysalis stage, butterflies release cold-shock 
hormone and steroids—which may be what gives 
their wings unusual colors. 


PLANTS 

When a leaf gets chewed, the plant increases pro- 
duction of hormones called jasmonates, which help 
heal wounds. Volatile versions of the compounds 
also warn nearby relatives of pending danger. 





QUIZ: 





Stress / INSIGHTS 


HOW STRESSED ARE YOU? 





Afraid of needles? Pick up a pencil. In addition to drawing 
blood to check for stress markers, scientists craft quizzes to 
reveal whether you're feeling harmful stress. This one was 
adapted from the Perceived Stress Scale by Sheldon Cohen, a 
psychoneuroimmunologist at Carnegie Mellon University. 


In the past month, how often did you... 


QUESTION 


Feel upset because of some- 
thing unexpected? 


Feel unable to control the 
important things in your life? 


Feel nervous or stressed? 


Feel angry because things 
happened that you couldn't 
control? 


Feel you had so many 
troubles that you couldn’t 
overcome them? 


Find yourself unable to cope 
with your responsibilities? 


Feel confident that you 
could handle your personal 
problems? 


Feel that things were going 
your way? 


Feel able to control irritations 
in your life? 


10 Feel you were on top of 


things? 


Add your points. 

Scores of 13 are considered 
average; scores of 20 or higher 
are considered high stress. 

(See page 46 for management tips.) 
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“WE COMBAT STRESS MOSTLY 

BY PREPARATION. IT’S A 
BAD DAY WHEN YOUR ROBOTIC ARM 
FREEZES AS THERE’S A SPACEWALKER 
RIGHT ON THE END, BUT IT’S 
SOMETHING YOU KNOW HOW TO DEAL 
WITH FROM TRAINING.” 


—Michael Barratt, NASA astronaut and space 


medicine specialist 








HACKS 
FOR BETTER 
HANDLIN 
HANGU 















BOUNCE BACK 


Some people are naturally 
resilient, but it’s also a learned 
skill. Stress inoculation gradu- 
ally exposes people to stressful 

situations so they develop 

calmer reactions. Elizabeth 
Stanley, a security studies ex- 
pert from Georgetown Univer- 
sity, uses this training to help 
soldiers prepare for high-stress 
missions. And a 2014 study 
from Islamic Azad University 
in Iran suggests the technique 
can help civilians too. 





GET MOVING 


Visit your doctor for advice, 
and you'll inevitably hear 
that you should hit the gym. 
“Both aerobic and nonaerobic 
exercise have been shown to 
reduce stress,” says James 
Blumenthal, a psychologist 
at Duke University. It can 
also help treat some cases 
of clinical depression. A 2013 
study by Princeton University re- 
searchers suggests that, at least 
in mice, exercise blocks stress 
responses in the hippocampus. 
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SAY OM 


It sounds cliché, but mindful 
meditation, breathing exercises, 
and introspective tasks like gar- 
dening or running lower stress, 

says Steve Hickman, a clinical 
psychologist at the University 
of California, San Diego. These 
methods can actually cause 
physical changes: A 2014 study 
from the Ohio State College of 
Medicine suggests that breast 
cancer survivors who practice 
yoga have lower levels of 
stress-related cytokines. 





POP A PILL 


No medication completely 
blocks stress—we wouldn't 
want it to. But treatments exist 
for severe stress-related dis- 
orders, including drugs that 
inhibit brain chemicals in 
patients with depression and 
tranquilizers that reduce anxiety. 
And a clinical trial on choline- 
sterase inhibitor, a chemical 
that may make the brain more 
plastic and thus able to learn 
better stress responses, is 
underway at Harvard University. 


SOCIALIZE 


Family and friends help 
buffer the negative effects of 
experiencing conflict, says 
Sheldon Cohen, a psychoneuro- 
immunologist at Carnegie 
Mellon University who studies 
how social networks mitigate 
stress. In 2014, Cohen and 
colleagues published research 
showing that healthy adults 
with strong social support— 
people who regularly received 
hugs—were less likely to 
succumb to the common cold. 





WALK AWAY 


It's not a good idea to avoid 
your problems, but a short 
break can help manage stress. 
A 2013 study from the 
University of Toronto showed 
that college-age test subjects 
who purposely shifted their 
attention away from the 
pressures of work, school, and 
family were more adept at 
coping, compared with those 
who pretended their stress 
would simply disappear 
on its own. 








STRESS MONITORS: PHOTOGRAPH BY JONATHON KAMBOURIS; ILLUSTRATION BY JASON SCHNEIDER 


Stress / SOLUTIONS 


THE SECRET TO RESILIENCE 





Some people recover from trauma not. Researchers are still trying to to stress have increased levels of a people who suffered from depres- 
and tragedy more quickly than others unravel why, but the answer may protein called beta-catenin, which sion, a stress-related disorder. The 
—for example, around a quarter of be partly embedded in our cells. acts in a reward center called the work may eventually lead to new 
war veterans develop post-traumatic Neuroscientists at the Icahn School nucleus accumbens. They have therapies for depression and other 
stress disorder, while many of their of Medicine at Mount Sinai have confirmed their findings in post- stress disorders that help chemically 
peers who saw similar violence do shown that mice especially resilient mortem human brain tissue from bolster resilience. 


A TOTALLY 
UNSCIENTIFIC 
STRESS 
MONITOR 
REVIEW 


There are gadgets to 
measure everything from 
what we eat to how many 
steps we take—and now, 

a new breed of devices 
claims to monitor stress. 

I tested three over the 
course of a week. The 
result? Not all stress 
monitors are created equal. 


STRIKE A 
POSE 


Your posture might influence 
how you experience stress. 

| Researchers at Columbia Uni- 

versity found that people who 

_ stood or sat for just two min- 
utes in expansive positions— 
with arms and legs taking up 
more room—had lower levels 
of cortisol and higher levels 
of testosterone compared to 
those who held guarded poses. 
They also felt more powerful. 





1 GALVANIC: THE PIP, $224 2 ZENSORIUM: TINKE, $120 
How it works: A handheld unit 
plugs into the bottom of your tooth device clips to a waist- 
phone. Optical sensors scan the band or bra, and proprietary 
thumb to measure heart rate and ‘ sensorsandalgorithms measure | -------------------------------------- 
variability, respiratory rate, and breath patterns that betray 
blood oxygen. The app offers two stress. Spire is also an activity 
options: Vita, which measures fit- ; tracker, and flags bursts of time 
ness based on heart and respiratory } when the user is particularly 
rates and blood oxygen, and Zen, ‘ tense, calm, or focused. 

which includes a breathing exercise : My take: It was the only wear- 
and measures heart rates. able device, and the easiest for 


3 SPIRE: SPIRE TRACKER, $150 


How it works: Two gold-plated sen- How it works: A wearable Blue- 
sors detect stress-induced electrical 
fluctuations in the skin eight times 
per second. The device connects to 
a smartphone via Bluetooth, and 
comes with several apps. One mea- 
sures stress over a period of time; 
another is a racing game where a 
character (in this case, a dragon) 
adjusts its speed as you relax. 

My take: The device is handheld, so 


it was hard to remember to use it. My take: The design is slick, but ; tracking stress over time. After 

The first app usually left me feeling {| measurements were hard to make. ' some snags during setup, the 

antsy and I never got the second to Each time I plugged the Tinke in, ' app was the best at detecting 

work. The data was bare bones I had to remove my iPhone case. ' mymentalstate.Intheminutes = = ©} 
and hard to interpret, although it did My best Zen score came right after : before astint as a guest speaker, 

show I was 100 percent relaxed after yoga; oddly, my best Vita score : I got a message suggesting a 


a massage—which was true. came after a glass of boozy eggnog. |: mind-clearing exercise. 


EAT YOUR WAY TO CALM 


The microbes that live in and on our body—collectively called the microbiome—seem to play 
an intriguing role in human health, influencing ailments from chronic skin rashes to diabetes. 
A growing body of research suggests the microbiome may also affect mood and behavior. Sepa- 
rating a rat from her pups, for example, can lead to changes in intestinal flora as well as anxious 


behavior, and there is evidence that animals with low levels of gut microbe diversity have an 
overactive stress response in the brain. 

Eventually, such work may lead to microbe-boosting cocktails for stress-related ailments such 
as depression or irritable bowel syndrome. But John Cryan, a neuroscientist at University College 
Cork in Ireland who is studying the microbiome, says calming probiotic smoothies aren't yet on 
the horizon. “There are so few human studies right now,” he says. “The food companies aren't 
paying for them. And the neuroscientists are slow to move into this field.” % 
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SUZANNE Lele 


WANTS TO 


GROW CLOTHING 


IN A LAB 
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Cultured Couture 


FASHION 
DESIGNERS 


DON'T USUALLY GIVE 
TOURS OF BIOLOGY 
LABORATORIES, 


BUT ON A RAINY DAY 


INDUSTRIAL COMPLEX 
ALONG THE BROOKLYN 


WATERFRONT, 


Suzanne Lee guides me through the warren of labs that 
make up Modern Meadow. Lee recently joined the biotech 
start-up as its creative director. Beneath her white lab 
coat she wears leather pants and a neoprene shirt with a 
lightning bolt. When I ask what exactly a creative director 
of a biotech start-up does, she points to a plastic bracelet 
that encases the husks of three beetles. “Nature is the best 
designer,’ she says. Her job is to make it ready-to-wear. 

I follow Lee down fluorescent-lit hallways in the Brook- 
lyn Army Terminal. Since moving in last year, Modern 
Meadow shares its corner of the complex—at one point the 
military depot that deployed Elvis Presley—with a company 
developing an HIV vaccine. The sterile conditions neces- 
sary for immunotherapy research make the environment 
ideal for Lee's work too. She stops in front of a fridge-size 
incubator set to 98.6°F, body temperature. Behind the gray 
door, she explains, bovine cells are dividing and fusing into 
a dense material similar to cow hide. Lee, in other words, is 
growing petri plates of leather. 

“Imagine leather that's as lightweight and transparent as 
a butterfly wing or has the natural stretch of rubber,’ Lee 


: 
: 
: 
: 
: 
THIS FALL, DEEP IN AN 
: 


says. ‘Or imagine a material with the dynamic responsive- 
ness of the skin of a chameleon.” In nature, such qualities 
arise from the spontaneous assembly of biological cells. By 
manipulating cell cultures, scientists at Modern Meadow 
can customize a material's strength, texture, weight, and 
elasticity. It’s an idea Lee hopes will take fabric—and with 
it fashion—in an entirely new direction. 

Lee can recall the exact moment her creative pursuits 
collided with the world of microbiology. Ten years ago, 
while a senior research fellow at the art school Central 
Saint Martins, in London, she had a chance encounter with 
Scottish biologist David Hepworth. She was writing a book 
about how science and technology could influence fashion, 
and when she told him about it, Hepworth introduced her 
to the concept of living materials. He described how organ- 
isms like bacteria, and not just plants like cotton, could 
grow cellulose—the most common fiber in the world. 

After talking, Lee and Hepworth decided to collaborate 
on a fashion experiment. They started with tea, then 
added sugar and microbes, the same bacteria and yeast 
used to ferment the vinegary health drink kombucha. 

The microbes eat the sugar and spin cellulose into a dense 
nano-scale mesh. Although it looks like a gelatinous mat 
(known as the mother when making kombucha), it's dozens 
of times stronger than most fabrics. 

They grew the material at home, Lee in her bathtub and 
Hepworth in his garage. As it dried, it stiffened into a tough 
substance akin to leather. Lee found it absorbed plant dyes 
more easily than normal fabric. Also, if she draped the wet 
material around a dress-form it would knit itself together 
so that it had no seams at all. 

“You can actually have a dress growing in a vat of 
liquid,” Lee says. “I had never imagined a piece of clothing 
could be alive. And I have nothing to do with its creation. 
It's growing for me.” 

Lee made a collection of coats using the microbial cellu- 
lose: a bomber jacket, a denim-style jacket, a biker jacket. 
Although the designs were conventional, they looked 
otherworldly and slightly translucent. “Production from 
bacteria is so alien,” she says, that she wanted to create 
familiar garments to show it wasnt so strange. 

As Lee worked on her couture pieces, others began to 
see opportunity in biomaterials as well. Bolt Threads, for 
example, began engineering microorganisms to produce 
spider silk. It’s now one of several start-ups attempting 
to use molecular biology to manufacture fibers similar to 
scarce natural ones. “What's fundamentally changed is our 
ability to look at materials in nature and say, with a straight 
face, that we can potentially make them with biotech,” says 
Dan Widmaier, Bolt Threads's chief executive officer. 

That could benefit fabric manufacturers, but more im- 
portantly, it could benefit the environment. Most existing 
materials have a significant downside: Cotton farming 
typically uses intensive pesticides, and synthetic fabrics 
such as polyester are made with petroleum. The roughly 14 
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ILLUSTRATION BY TODD DETWILER 


Cultured Couture 


Grow Fabric in Your Kitchen 


The microbes used to brew the drink 
kombucha can also produce a strong, 
leathery cloth—no cow required. Use 
Suzanne Lee's recipe to make your own. 





Materials: 
a 
200 milliliters 200 gramsof  1llive 2 green tea 
of organic granulated kombucha bags 
cider vinegar sugar culture 





Directions: 


water, and steep the tea for 15 min- and a transparent skin start to form 
utes. Remove the tea bags and add at the surface. Over time, the culture 
the sugar, stirring until it's dissolved. will rise to the surface and accumu- 
2. Prep the culture: Make sure the late in a thick layer. Once the mat 
liquid is cooler than 86°F, and then reaches 2 centimeters in thickness 
pour it into your container. Add the (around three to four weeks), take it 
cider vinegar and the kombucha cul- out of the container and gently wash 
ture. Cover the container with a cloth. it with cold, soapy water. 

3. Harvest the mat: While it grows, 4. Dry the material out: Spread the 
the mixture should be kept at room sheet flat on a wooden surface. When 
temperature. First, the culture will it no Longer feels wet, you can cut 


sink to the bottom. You'll know fer- and sew it like any other fabric. 


NOTE: This recipe will produce a piece of microbial leather as large as 7 x 6 inches, and it will take the shape of 
the container you put it in. To grow a larger or smaller sheet, adjust the proportions accordingly. 


billion square feet of leather produced from bovines annu- 
ally, according to the Food and Agriculture Organization, 
requires millions of animals, consuming billions of gallons 
of water and pounds of feed a day—to say nothing of the 
methane emissions. “So it seemed to tick all the boxes,” Lee 
says of her fabric. “Use less water, hell yeah. Low energy, 
absolutely. Less chemicals, less dyes. Throw it in the gar- 
den when youre finished with it.” 

Lee founded a design consultancy called Biocouture in 
order to accelerate the development and adoption of new 
biological materials. But she knew scaling her own product 
would be an enormous challenge, as would engineering 
necessary functions like greater elasticity and water resis- 
tance. So when her work caught the attention of Andras 
Forgacs, co-founder of Modern Meadow, she was open to 
collaboration. The company was attempting to use the 
tools of regenerative medicine to manufacture meat from 
bovine cells, and in 2013, Forgacs invited Lee to lead its ini- 
tiative to produce leather. It would be a departure from her 
experiments with microbial cellulose, but an opportunity 
to work with a team of scientists. She quickly signed on. 

From her position at the intersection of biotechnology 
and the fashion industry, Lee has become increasingly con- 
fident in the future of biofabrics. She sees athletes search- 
ing for a performance edge and fashion designers hunting 
for surprising new materials as the earliest adopters. In the 
long term, she envisions dynamic clothing that reacts to 
our bodies like a second skin. “Imagine the garment having 
a layer of living cells that feed off your dead ones to clean 
and repair itself,’ she says. “Or it could sense your body 





temperature, and when youre cold the cells might reorga- 
nize, just as feathers and fur fluff up to act as insulators.” 

In December, representatives from at least 25 start-ups 
joined Lee in New York City for Biofabricate, a summit she 
organized for people working on new biomaterials. Held in 
Microsoft's offices, the conference hosted a pop-up lab with 
a Slew of new products, including bricks grown from fungi 
and prints using engineered bacteria. “Suzanne Lee is at the 
forefront of experimentation and innovation,” says Paola 
Antonelli, a senior curator at the Museum of Modern Art 
and one of the presenters at Biofabricate. “People can wear 
a scientific revolution and contemplate in a mirror whether 
its disruptive potential suits them.” 

But first, Lee has to actually grow leather in a lab, and 
not even that may convince everyone of its value. Oron 
Catts, an artist and tissue engineer who grew a tiny 
lab-leather jacket as a critique of biotechnology, argues 
that cultured material obscures rather than solves sustain- 
ability problems. “Western technology is getting better and 
better at hiding the victims of our consumption,” he says. 
But he adds: “I’m more than happy to be proven wrong.” 

For now, Modern Meadow remains tight-lipped about 
its actual progress, and the only evidence of leather 
I see during my trip to the Brooklyn Army Terminal are 
shoelace-thin strips floating in test tubes. But when Lee 
looks around the lab, surrounded by pipettes and fume 
hoods, flasks and centrifuges, she doesn't seem at all 
daunted by the enormity of the task ahead. “This is 
potentially revolutionary,” she says, then laughs. “Oh lord, 
there's a fashion designer trying to save the world.” % 
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We honor outstanding visualizations from 
the worlds of science and engineering. 
Information has never looked so beautiful. 


: 


Wem CE y zie li eaey en 
municate complex subjects with 
evocative images, enlightening 
illustrations, and engrossing 
interactive media—all things we 
value tremendously at Popular 
Science. So were especially pleased 
to partner with the National 
Science Foundation to award the 
Vizzies. The international competi- 
tion, which the agency has led for 
more than a decade, recognizes the 
finest illustrations, photographs, 
videos, graphics, and apps, whether 
produced by academic research- 
ers, artists, or hobbyists. Without 
further ado, here are the honorees. 
THE EDITORS 


Reporting by Alexandra Ossola, 
Neel V. Patel, and Katie Peek 
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HOW WE CHOSE THE WINNERS 


During two rounds of judging, science and visualization experts at the 
National Science Foundation and Popular Science winnowed 303 entries to 
50 finalists, 10 in each category. To arrive at the Experts’ Choice, a panel of 
final-round judges rated the visualizations on their artistic merit and commu- 
nication excellence. Readers voted online for the People's Choice. Each of the 
winners was vetted for accuracy by independent experts. 


FINAL-ROUND JUDGES Robert Kosara, research scientist at 
Tableau Software 
David Bolinsky, medical animator 


; 5 Marcia Rudy, special exhibitions 
and co-founder of e.mersion studios ¥. SP 


and programs at the New York Hall 
Bennett Foddy, professor of game of Science 
design at New York University’s 


Rita Teutonico, executive associate 
Game Center 


director of the School of Environ- 
Soraya Gage, general manager of ment, Arts, and Society at Florida 
NBC Learn, an NBC News division International University 


Lena Groeger, science journalist and | Jan Willem Tulp, head of the data 
news apps developer at ProPublica visualization studio TULP Interactive 





COURTESY ROBERT E. CLARK; COURTESY TED KINSMAN; COURTESY JACOB ZWART, PATRICK KELLY, CJ HUMES, AND SHAYNA McCARTHY; COURTESY GAZZALEY LAB 
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EXPERTS’ CHOICE 


BR) SURI 
SN alla 
Sea 


Ted Kinsman 


When Ted Kinsman picked up 
this specimen on the side of the 
road one spring morning, he 
was hoping to get a good X-ray 
image of a snapping turtle. But 
after he placed the turtle in the 
X-ray machine, Kinsman was 
surprised to see it had about 30 
eggs hidden inside. He added 
false color to the image to 
accentuate them. A professor 
of photographic sciences at the 
Rochester Institute of Technol- 
ogy, Kinsman has been captur- 
ing images of local wildlife for 
the past decade—sometimes 
living creatures, but more often 
dead ones, like this expired 

A] gaK- Pa (Eo ] ae lel) p ecw: le ole le 
prised, he says, to find road kill 
in his lab’s freezer. 


Ue 





PEOPLE'S CHOICE 


ALCIAN BLUE AND 
ALIZARIN RED 
CHAMELEON 


Elizabeth Marchiondo and 
Andrew Gillis 


Photographer Elizabeth Marchiondo 
doesn't often have the opportunity to 
handle organisms as delicate as this 
chameleon. “I’m used to photograph- 
Ing live aquarium scum through 

a microscope or wading through a 








lagoon to capture specimens,’ she 
says. So Marchiondo was delighted 
when zoologist Andrew Gillis 
donated the deceased creature to 
the lab where she was a micro- 
scopy intern. The chameleon had 
been prepped with stains that dye 
bones and cartilage, an enzyme 
that digests flesh, and chemicals 
that render skin and muscles trans- 
parent. Because she was working 
with a three-dimensional subject, 
Marchiondo focused her camera 
on different planes of its body and 
then stitched 32 images together to 
create a single, crisp picture. 
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EXPERTS’ CHOICE & PEOPLE'S CHOICE 


NEUROFOREST 


Last spring, London neuroscientist- 
turned-cartoonist Matteo Farinella 
published Neurocomic, a graphic 
novel about a man who falls into 

a brain. In this illustration from 
the book, Farinella uses a forest 
metaphor to depict brain cells and 
neurons as a dense, sprawling 
network of intertwined tree roots 
and branches. “The brain is very 


complex—there are billions of 
neurons connected in ways that 
we are only beginning to under- 
stand,” Farinella says. Paul Lipton, 
a neuroscientist at Boston Univer- 
sity, notes the image illustrates 
the brain’s structural diversity. 
“The brain is indeed a forest,” he 
says, whose trees, or neurons, 
are its defining feature.” 
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EXPERTS’ CHOICE 


UE 
SNA 


Yan Liang, Xiangang Tao, 
Wei Huang, Edison (Qi) Zheng, 
and Jiyuan Liu 


For many, the phrase “chemical 
reactions” conjures memories of 
tedious laboratory work and equa- 
tions scribbled on exams. But Yan 
Liang, a professor at the Univer- 
sity of Science and Technology of 
China in Hefei, sees art in the basic 
science. Last September, Liang 





and colleagues launched beautiful 
chemistry.net to highlight aesthet- 
ically pleasing chemistry. Their 
video showcases crystallization, 
fluorescence, and other reactions 
or structures shot in glorious detail. 
Liang says finding experiments that 
meet their visual standards has 
been a challenge. “Many reactions 
are very interesting, but not beau- 
tiful,” he says. “But sometimes, 
when shot at close distance without 
the distraction of beakers or test 
tubes, ordinary reactions such as 
precipitation can be very beautiful.” 
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Precipitation, color-change, and 
other reactions were chosen for 
their eye-appeal. 


PEOPLE'S CHOICE 


HOW ORIGAMI IS 
INSPIRING SCIENTIFIC 
eT 


Larry Howell, Julie Walker, 
Robert Lang, Spencer Magleby, 
and Brian Wilcox 


Engineers use origami to design 
spacecraft solar panels and other 
devices that collapse, flex, or un- 
furl. This video, by a lab at Brigham 
Young University, takes viewers on 
a tour of origami applications, big 
and small. Larry Howell, the team 
leader, says the work is just plain 
fun. Plus, he says, “these things 
can really make a difference.” 
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EXPERTS’ CHOICE 


eA 
NEURONS 


Robert E. Clark 


One of the most prominent struc- 
tures in the brain, the hippocampus 
plays an important role in acquir- 
ing semantic memory, or general 
knowledge such as bird names, 
and in holding onto autobio- 
graphical, or episodic, memories. 
It also looks a lot like a sea horse. 
(Hippocampus is from the Greek for 
“horse” and “sea monster.”) Robert 
Clark, a neuroscientist at the 
University of California, San Diego, 
played up the resemblance in this 
graphic. Clark digitally added 
images of real hippocampal neu- 
rons to a pair of gold sea horses. 
The sea horses are oriented as 
they would be in a rat’s brain. 
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PEOPLE'S CHOICE 


eae 
eRe) 


Kristin Timm, Shad O'Neel, 
Allison Bidlack, and Eran Hood 


Alaska’s coastal glaciers are 
among the most rapidly changing 
on the planet. They’re also, as 
Alaska Climate Science Center 
communications lead Kristin Timm 
says, “more than just ice.” Glacial 
runoff drives ocean currents and 
supports the habitats of the salmon 
that local fishermen rely on. So 
Timm collaborated with glaciolo- 
gists and ecologists at the center to 
design this poster, which illustrates 
the impact of ice fields on both 
people and the environment. 


Ok Gum 
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All Stories 


Scientists peel back the continent's ice to explore 
its underlying bedrock 


a 
Our understanding of what lies beneath 
the world's biggest ice sheet has taken 
another leap forward. Thanks to work led 
by the British Antarctic Survey, scientists 
have a new 3D map of Antarctica’s ice 
and bedrock. The map, called Bedmap2, 
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PEOPLE'S CHOICE 


VEN RIN URE 
Aa RU ta 


Goddard Space Flight Center's 
NASA Viz Group; Helen-Nicole 
Kostis, project manager 


Scientists at NASA collect reams 
of data about Earth and its place 
in the universe—data that often 
doesn’t find its way to the public. 
So a team of media experts and 
programmers at the Goddard 
Space Flight Center in Maryland 
released this app, which publishes 
videos, images, and animations 
from several NASA agencies twice 
a week, along with a story sharing 
the science behind the visuals. 
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EXPERTS’ CHOICE 


ESTA 


Adam Gazzaley, Roger Anguera- 
Singla, Rajat Jain, Tim Mullen, 
Christian Kothe, John Fesenko, 
Oleg Konings, Matt Omernick, 
and David Ziegler 


Part education tool, part neuro- 
science party trick, the Glassbrain 
app was first used publicly in 2012 
on Mickey Hart, former drummer 
for the Grateful Dead, to show 

his brain reacting to music. A 

cap detects the different types of 
waves and signals pinging across 
a subject's brain. The app then 
displays them in real time on a 3-D 
image built from brain scans taken 
earlier. Right now, the app’s not 
sophisticated enough for clinical 
applications—it’s mainly used for 
education and entertainment. 

But Roger Anguera-Singla, one 

of Glassbrain’s programmers 

at the University of California, 

San Francisco, says he hopes it 
will one day help medical pro- 
fessionals, too—for example, by 
allowing neurosurgeons to “fly 
inside” a functional brain and 
better plan an upcoming surgery. 
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late summer of 2006, the Japanese divi- 
sion of McDonald’s decided to run a new 
promotion. When customers ordered a 
Coca-Cola soft drink, they would receive a 
cup with a code. If they entered that code 
on a designated website and were among 
10,000 lucky winners, they would receive 
an MP3 player pre-loaded with 10 songs. 

Cleverly constructed, the promotion 
seemed destined for success. Who doesn’t 
like a Coke and a free MP3 player? But 
there was one problem the marketers at 
McDonald’s could not anticipate: In addi- 
tion to 10 free songs, the music players con- 
tained QQPass malware. The moment win- 
ners plugged their players into a computer, 
the Trojan horse slipped undetected into 
their system and began logging keystrokes, 
collecting passwords, and gathering per- 
sonal data for later transmission. 

McDonald’s eventually recalled the 
devices and issued an apology, but not 
before an unknown number of users had 
fallen prey to the malware. In the annals 
of fast food promotions, the incident is still 
regarded as one of the worst of all time 
(even beating the illconceived McAfrika 
burger—an African-inspired sandwich 
released at the height of a famine). For 
security professionals, it was notable too, 
but for entirely different reasons: It offered 
a terrifying glimpse at how hackers could 
build a cyberattack directly into the very 
systems we depend on. 

In the past year, cybercrime has blos- 
somed into a pandemic, consuming more 
than $445 billion in lost time, jobs, and 
intellectual property. Hackers compro- 
mised 233 million personal records from 
eBay; they intimidated Sony into scuttling 
the theatrical release of The Interview; 
they even commandeered the Pentagon’s 
Twitter account. But as varied as those 
assaults were, they shared a trait: Somone 
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hacked software to penetrate a network or 
account. What set the McDonald’s incident 
apart—and what strikes fear into cybersecu- 
rity professionals everywhere—is that the 
perpetrator hacked hardware instead. 

In computing terminology, hardware 
boils down to microchips, the integrated 
circuits that run our devices. They are in 
our phones, refrigerators, electric grids, 
planes, and missiles. And many more are 
on the way. Cisco estimates that more than 
50 billion Internet-connected devices will 
come online by 2020, all communicating 
ceaselessly with the world around them. 

Microchips are the bedrock upon which 
our digital world is based, and they are 
almost entirely unsecured. Whereas soft- 
ware security is on pace to become a $156 
billion industry in the next five years, hard- 
ware security gets relatively little mention. 
Yet the challenges hardware presents are in 
many ways more extensive, more danger- 
ous, and more difficult to combat. When 
the marketers at McDonald’s ordered 
their MP3 players, they simply chose a 
device from a catalog. It just happened 
that someone at a production line in Hong 
Kong decided to load it with malware. 
We'll likely never know why that person 
chose those particular MP3 players, and 
that’s not really the point. This kind of 
attack could have hit anywhere hardware 
exists, from coffeemakers to fighter jets, 
and the consequences could have been 
much, much worse. 


Problem from Hell 
————__— 
hen Jack Kilby of Texas 
Instruments invented the first 
integrated circuit in 1958 (for 
which he later won a Nobel Prize), the 
age of the microchip was born. These 
early processors cost $450 and consisted 


of a few transistors, diodes, resistors, and 
capacitors placed onto a slice of germa- 
nium and linked by gold wires. The unit 
was about 10 millimeters across. 

Today’s microchips follow the same prin- 
ciples but are exponentially more complex. 
They consist of billions of transistors and 
are divided into multiple sub-units (called 
“blocks,” as Kilby first labeled them), each 
of which carries out a specific function. A 
smartphone’s processor, for example, may 
have some blocks whose purpose is to 
store frames of video and others to convert 
them so they can be sent over an antenna. 

As the nature and complexity of chips 
has changed in five and a half decades, so 
too has their design and manufacture. In 
the 1970s and ’80s, there were just a hand- 
ful of known and trusted chip designers; 
now there are a huge number of companies 
creating more than 5,000 new designs 
each year, spread from the U.S. to Asia. 
These teams, in turn, involve hundreds 
or thousands of people at multiple loca- 
tions—each working on different blocks. 
Chips have become so intricate that no one 
person can see, let alone understand, every 
detail of their architecture. 

These developments have, by and large, 
been positive. The more powerful our 
microchips, the more capabilities we have. 
But when such complexity is paired with 
massive scale—$333 billion-worth of chips 
were sold in 2014 alone—it also creates sig- 
nificant vulnerabilities, and an ever-more 
irresistible opportunity for hardware hack- 
ers. In a recent report for the Brookings 
Institution, John Villasenor, a professor 
of electrical engineering and public policy 
at University of California at Los Angeles, 
wrote, “The laws of statistics guarantee 
that there are people with the skills, access, 
and motivation to intentionally compro- 
mise a chip design.” In other words, more 
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frequent and large-scale hardware attacks 
are just a matter of time. And when they 
come, whether from a nation state, a crime 
syndicate, or a rogue employee, they will 
arrive in one of two forms: overt or covert. 

Overt actions are perhaps the simpler 
of the two: They make it apparent that the 
system isn’t working properly. The best 
example would be a so-called kill switch, 
in which an enemy or criminal could selec- 
tively turn off chips at will. Doing this is eas- 
ier than one might think. For example, the 
different blocks in a chip can communicate 
and coordinate via a “system bus,” which 
they take turns using so as not to create 
interference. If one block was corrupted so 
it would not give up access to the system 


hardware was modified ever so slightly, a 
kill code could selectively disable the chip 
and the systems that depend on it. And 
that code could come from any number of 
sources. A command could originate in a 
text or email message. It could be delivered 
by radio signal to a micro-antenna hidden 
on the chip. It could even be a simple 
internal time bomb, programmed at the 
chip’s inception, to trigger a coordinated 
shutdown on a certain time and date, as in 
the first episode of Battlestar Galactica. 

If an overt action is the equivalent of 
dropping a bomb, a covert one is like lay- 
ing a landmine. A compromised chip may 
appear to function normally while secretly 
collecting and transmitting information, 
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greater harm were they to work their way 
into the backbone of the Internet: the serv- 
ers and other networking equipment that 
comprise the infrastructure of the IT world. 
Instead of gathering embarrassing emails 
from a handful of executives, hackers with 
compromised servers could monitor most 
of the world’s Internet messages. As compa- 
nies such as Huawei Technologies and ZTE 
Corporation—both of which supply telecom- 
munication equipment and have ties to the 
Chinese military—continue to grow, so too 
will concerns about network security. Add 
to that, the revelations by Edward Snowden 
indicate the National Security Agency 
(NSA) has moved from hacking individual 
computers to network hardware. 


MICROCHIPS ARE THE BEDROCK upon which 
our DIGITAL WORLD is based, and they are ALMOST 
ENTIRELY UNSECURED. 


bus—something well within reach of many 
mid-level chip designers—it would prevent 
the other blocks from getting data, effec- 
tively disabling, or bricking, the system. 

Just one small corruption can have grave 
consequences. In 2011, faulty transistors 
were found in an electromagnetic interfer- 
ence filter destined for a U.S. Navy helicop- 
ter (an SH-60 deployed to a destroyer in 
the Pacific Fleet). Though never installed, 
that defective part would have compro- 
mised the SH-60’s ability to fire its Hellfire 
missiles, making it practically useless in 
combat. The manufacturer of the filter, 
Raytheon, and the U.S. Senate Committee 
on Armed Services had to trace the transis- 
tors through five companies before finding 
their origin in China. 

An investigation later proved the flaws 
were an honest production error. But had 
someone intentionally pursued this sort of 
hack, the result could have been different. 
More than three-quarters of the field- 
programmable gate arrays in the F-35 strike 
fighter are made in China and Taiwan. So 
are the majority of chips in automobiles 
and wireless medical devices, such as 
pacemakers and dialysis machines. If that 


launching malware from inside the system, 
or even coordinating with other corrupted 
chips to carry out a larger attack. In 2007, 
for example, the Taiwanese Ministry of 
Justice discovered that a number of Sea- 
gate hard drives had two separate Trojans 
built into them by someone in the design 
or manufacturing process. The malware 
would phone home to a pair of websites 
hosted out of Beijing, which would then 
cause the hard drive to upload all its data. 
More recently, the Star N9500, a knockoff 
of the Galaxy S-4 smartphone, shipped 
from a factory in China preloaded with a 
Trojan masquerading as the Google Play 
Store. It allowed the attackers to record 
phone calls, read emails, intercept financial 
information, and remotely watch and listen 
in via the phone’s camera and microphone. 

Even hardware generally considered 
innocuous could be exploited by hackers 
and used for covert acts. Modified third- 
party phone chargers have served as vehi- 
cles for malware, as have game consoles. In 
the world of hardware hacking, any smart 
device—a refrigerator, clock, even a wear- 
able fitness monitor—could be weaponized. 

Such covert actions could inflict even 


Perhaps the most devastating form of 
covert attack would be one that turns 
kinetic. Imagine a single employee at a 
microchip foundry hellbent on engineer- 
ing an international crisis. Knowing the 
foundry’s chips go into drone systems, that 
employee could embed a malfunction into 
the hardware that would activate only at a 
certain GPS point. When the drone reaches 
the designated position, say in northwest 
Pakistan, it would fire a missile at a school 
or dam instead of a militant camp. 

The example is a worst-case scenario but 
hardly inconceivable. At a cybersecurity 
panel at the Aspen Institute in 2011, Gen- 
eral Michael Hayden, a retired Air Force 
four-star general who headed both the CIA 
and NSA, was asked about hardware hack- 
ing, and his response was simple: “It’s the 
problem from hell.” 


Lines of Defense 


t this point, hardware hacking is 
still in its infancy, and so too are 
solutions to it. Chip designers 


primarily rely on protocols that have not 
appreciably changed for years. For that 
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reason, Villasenor wrote in 2010, “Defen- 
sive strategies have not yet been fully devel- 
oped, much less put into practice.” 

And so protection for consumers at this 
point comes down to common sense: If 
you don’t know where something is from, 
it’s generally not a great idea to plug it into 
your network. The advice sounds obvious, 
but it bears stating that the worst hack in 
U.S. military history occurred when some- 
one found a corrupted memory stick out- 
side a base in the Middle East and plugged 
it into a classified network. 

Beyond simple schoolyard rules, creat- 


design process. More robust encryption 
programs could track design changes, 
making it harder for someone to initiate a 
hack in the first place. 

Testing, too, requires an overhaul. Tests 
today are “usually designed to weed out 
accidental defects and design flaws, not 
identify parts that counterfeiters have 
specifically altered to masquerade as 
something they are not,” Villasenor wrote 
in an article with co-author Mohammad 
Tehranipoor. And only a small percentage 
of the millions of chips produced each year 
are tested anyway. To fortify this vulnera- 


““Tn the world of 
HARDWARE HACKING, 
any smart device—_A REFRIGERATOR, 
CLOCK, evena WEARABLE 
FITNESS MONITOR—COULD 
BE WEAPONIZED.” 


ing defenses becomes much more difficult. 
To stop hardware hacking at the design 
and manufacture stage, the Pentagon has 
launched its “Trusted Foundry” program. 
To qualify, foundries that build integrated 
circuits must pass a rigorous accreditation 
process. It’s a good first step, but it affects 
only a small fraction of the chips the U.S. 
military needs, let alone the rest of us. The 
next step would be to expand the network 
of trusted chipmakers and punish compa- 
nies found to be untrustworthy. But given 
the layers of buyers and sellers involved, 
that will be difficult. The researchers that 
detected the hack in the Star N9500 smart- 
phone spent more than a week trying to find 
the source of the malicious chip, to no avail. 

As foundries strive to improve their 
security, some researchers are investigat- 
ing the development of digital watermarks, 
such as holograms or bits of plant DNA, 
that could be authenticated at key points 
in the supply chain. Other researchers are 
looking upstream to secure the microchip 


bility, DARPA created the Integrity and 
Reliability of Integrated Circuits program. 
Its projects include an advanced scanning 
optical microscope that will use an infrared 
laser to probe “microelectronic circuits at 
nanometer levels, revealing information 
about chip construction as well as the func- 
tion of circuits at the transistor level.” 

The agency also launched the Supply 
Chain Hardware Integrity for Electronics 
Defense program. It aims to develop a 
dielet, a 100-micron-by-100-micron compo- 
nent that could be attached to chips at less 
than a penny per unit. It would carry an 
encryption engine to help secure data and 
sensors to detect any tampering. 

Each program holds a lot of promise, 
but to truly safeguard hardware vulnerabil- 
ities chip designers need to rethink chips 
themselves. That means building defenses 
directly into integrated circuits. One exam- 
ple could be to install input and output 
monitors that stop chips from communi- 
cating with unauthorized connections and 
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memory gatekeepers that prohibit access to 
off-limits areas. Another would be to incor- 
porate a “no execute” bit, which cordons 
off certain areas of memory and prevents 
the processor from executing any code 
from there. The appetite for such solutions, 
however, is still very limited. 


Chronic Condition 


few years ago, Cody Brocious, a 
A 24-year-old researcher at Mozilla, 

began to investigate the security 
of the electronic room-lock systems used 
at many hotels, most of which can be 
programmed to accept master keys. At 
the 2012 Black Hat security conference, 
he showed off how to spoof a master key 
with little more than $50-worth of home- 
brewed hardware. The lock manufacturer 
developed a defense against this attack, but 
it involves replacing the hardware in more 
than four million locks. 

In the end, that’s truly what makes 
hardware hacking the “problem from 
hell”: The potential avenues of attack are 
so numerous and insidious, they can be 
hard to contemplate. Addressing them 
will be neither easy nor fast—but it can be 
done. The challenge of software security 
appeared equally insurmountable at one 
time, but now cybersecurity professionals 
are doing a better job of understanding and 
confronting those risks than ever before. As 
with software, the decision to pursue hard- 
ware security will ultimately come down to 
cost-benefit analysis. Added defenses often 
come with tradeoffs, namely lower perfor- 
mance, increased cost, or both. Until now, 
the decision to adopt them has been pretty 
easy—don’t bother. Going forward, the 
thought process will change. As James Hay- 
ward, the CEO of Applied DNA Sciences, 
said in an interview, “A $100 microchip 
might keep a $100 million dollar helicopter 
on the ground.” 

That new calculus will hopefully spur 
governments and companies to attack 
hardware vulnerabilties before criminals 
do. “Frankly, it’s not a problem that can be 
solved,” General Hayden said of hardware 
hacking in Aspen. “This is a condition that 
you have to manage.” % 





POPULAR SCIENCE / 63 





LIST PRICE 


DANIEL STEIGER wa | We tle 
J* f wear 86% OFF 
jf » J / a, ~ | ree) 


at 
YOU SAVE 


Toto 


The Daniel Steiger 


DRIVEMASTER 





NOW THAT’S WHAT YOU CALL A REAL $99 DEAL! 


¢ Complex Precision Z g 9g — J <a 






Chronograph Movement 
e 316L Premium Grade Stainless Stee! 
° Gold / Stee! 
¢ 3 Handed Movement 
e 24 Hour, Date and Chronograph 
e Water-Resistant To 5 ATMS (169ft) 
e Date Window 
e Case: 1.7in ¢ Depth: 0.40in 


Also Available 
¢ Fold-down Security Clasp in Steel 
° Mineral Glass His" performance, functionality and style. The Danie! Steiger Drivemaster is the perfect 
e Silver Textured Dial racing-sports watch with just a hint of luxury. This classic Chronograph Styled watch 
features a textured silver face with date, stopwatch and 24 hour sub-dials Elegantly built 
using the finest grade stainless steel. The precision quartz movement is covered by our free 
¢ Fully adjustable Stee! Strap 5 year movement warranty. Available for a limited time at the amazingly low price of $99! 


e Presentation Case Included 


CALL OUR CREDIT CARD HOTLINE NOW, TOLL FREE 24/7 ON 1-877 550 9876 


And Quote Promo Code: 


pS1520R 


OR order online at www.timepiecesusa.com/ps152 And Enter Promo Code PS152DR 
Timepieces Internationa! Inc, 3580 NW S6th Street, Fort Lauderdale, Florida, 33309 








EDITED BY Sophie Bushwick IVI a a a Pa q 





3 


Time 1 hour 
Cost $40 
Difficulty 


ORIGIN STORY 
After discovering 
the momentum 
curtain effect, 
Sir Christopher 
Cockerell 
launched the 
first full-scale 
hovercraft 

Tam ache): B 








from a pair of Styrofoam plates and 
four surplus case fans. The stacked 
plates force the breeze from the 
fans into a wall of downward- 
Y directed air around the edge of 
nae the craft. This wall, called the 


A HOVE RCRAFT If you believe the old Hollywood momentum curtain, raises the 
prophecies, Marty McFly will pressure of air trapped underneath 
BUILT FROM be hopping out of Doc Brown's the craft, increasing lift and allow- 


DeLorean this coming October (on ing it to hover. The “hoverplate” 
STYRO FO AM PL moves the 21st, to be exact). And when won't carry your weight, but it will 

he gets to the future, he’ll need a glide effortlessly over any smooth 
WARNING: The fans don’t generate much power, hoverboard. You can do your partto | surface like a giant, self-powered 
but they can still cause minor cuts and bruises. prevent a time paradox—just slap air hockey puck. Great Scott! 
Keep your fingers clear! together this low-budget hovercraft | SEAN MICHAEL RAGAN 
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Build It 
continued from page 65 
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INSTRUCTIONS 





Stack the plates 
face-up and 
arrange the fans in 
a circle on top, with 
labels up. Point the 
wired corners toward 
the center, with the 
opposite corners 
close to the rim. 
Mark the top plate 
with the locations 
of each fan’s opening 
and its inner- 
and outer-corner 
mounting holes. 


Remove the fans 

and drill eight 
Wem) lal: 
holes through both 
plates. Separate the 
plates and cut out 
the four circular fan 
openings in one of 
them. This will be 
the top plate. 


Attach the 

battery to the 
battery clip, and set 
it in the center of 
the top plate. Note 
the location of the 
battery clip wires 
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and cut a small trian- 
gular slot for them to 
pass through. 


Saw two corners 

off each fan 
case, leaving the 
wired corner and 
the one opposite 
attached. Arrange 
the fans inside the 
top plate as in step 
1, and pass nylon 
screws, from below, 
through the eight 
mounting holes in 
both the top plate 
and the fans. 


Trim the fan 

wires to reach 
about an inch past 
the center of the 
plate, and then strip 
half an inch of insu- 
lation from each. 


Thread the 

battery clip 
wires through the 
triangular slot from 
below and pull the 
battery and clip up 
close to the plate. 
Then trim the wires 
until they just reach 
the plate center. 


Strip half an inch 

of insulation from 
each wire and unclip 
the battery. 


Twist all five red 

leads (four from 
the fans and one 
from the battery clip) 
together with one 
wire nut, and all five 
black leads together 
idem date meldal =) a 


Cut the rim off 

the bottom plate, 
about halfway down 
the side, and discard 


it. Install the bottom 
plate inside the top 
plate, so it fits over 
the fans and pro- 
truding screws, and 
secure it with eight 
hex nuts. 


Flip your hover- 

craft over, clip 
in a freshly charged 
battery, and set it on 
a smooth floor. 
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“How | SAVED 
VO Sate eet 
AMAZOY ZOYSIA 


& 


‘2S ae Pac HI 


oe: e. 3 


Ee From. Plugs!” 


De UH eRe Geen AMS ESM rll | 
summer, reduces mowing, watering, and weeds.” 


Harvested 

Daily From Our 
Farms And Shipped 
To You Direct! 








“We were hooked on Amazoy The Thick & Plush Feel Of Expensive Sod 
Zoysia the day we moved into _ 
our new home. The previous Crowds Out Summer Weeds No Chemicals 
owner had planted it and told us Cuts Watering & Mowing By As Much As 2/3 
7 ei would stay lush and Stays Green In Summer Through Heat & Drought 
€autimuiy green every summer. i m i 
SINCCULUESIAal §—He was right! We ran around in it Survives Winter Cold & Keeps Coming Back 
barefoot that first day. It felt like 
heaven then and still does now!” a a sia et “oe Soil 
g ia Grows In An [ 
“Saves Water, Time And Work, Too! Plus, | Amazoy £oysta “rows Nha 


Don’t waste time and 
money on grass seed that 
runs off in rain and is eaten 
by birds. Amazoy Zoysia 


It’s Environmentally Friendly!” 


“What we didn’t expect was the ton of money our 
Amazoy Zoysia lawn would save us. With hardly any 


_ 





watering (lower water bills) or mowing (less gasoline p grows where other grass 
and mower tune-ups), and no need for expensive oe §coesn’t - in partial shade, 
fertilizers, chemical pesticides, weed killers or grass cca ESA on slopes and in play-worn 
seed, we save hundreds of dollars each summer. areas. It’s the perfect 

And that doesn’t count the time and lawn work | choice for — water 

save, giving me more summer fun with my family.” restrictions and 


Each Zoysia Plug You Plant In Your Soil Is drought areas. And 
GUARANTEED TO GROW It eliminates endless 
Within 45 Days Or We'll Replace It FREE! weeds and weeding. 


To ensure best results, we ship you living sheets of genuine Amazoy”™ Zoysia Grass, harvested direct Order now! 
from our farms. Plugs are not cut all the way through. Before planting, simply finish the separation 
by cutting 1"-sq. Plugs with shears or knife. Then follow the included easy instructions to plant Plugs 
into small holes about a foot apart. Our guarantee and planting method are your assurance of lawn 


success, backed by more than 6 decades of specialized lawn experience. ©2015 Zoysia Farm Nurseries, 3617 Old Taneytown Rd, Taneytown, MD 21787 


www.ZoysiaFarms.com/mag 


Order Your ZOYSIA Plugs Now and Save Over 50% 





PLUS Get Up To 900 Plugs-FREE! 
Please send me guaranteed Amazoy plug packs as marked: Malt: ZOYSIA FARM NURSERIES | Dept. 5431 


# PLUGS Plugs | picntine Too Retail Value YourPrice + Shipping 3617 Old Taneytown Road, Taneytown, MD 21787 


$14.95 $ 14.95 $ 5.00 Write price of order here $ Payment method 


: 9 (check one) 
500 on og $84.00 $45.60 $7.00 Me ae add 6% tax —— Stent 
| Free | Shipping $ ——___1—— O MasterCard 
750 Stepan Plgger $128.00 ©» $74.50 «$40.00 ENCLOSED TOTAL —— 2 Visa 
| T t t t Card pi OEE Date 
1100 oe $220.00 $99.10 $4500 Name 
Address 


1500 Pare hg AND $355.00 $147.50 $25-00 City State 
Step-on Plugger lip Phone 
Q Extra Step-on Plugger $8.95 + $3 Shipping Extra Amazoy Power Auger™ for 3/8” Drill $24.95 +$5 Shipping We ship all orders the same day plugs are packed at earliest correct planting time in your area. 


Amazoy is the trademark registered U.S. 0 7 : ‘ i 
SHiTT ORWEICOAI EV ena: Order Now! www.ZoysiaFarms.com/mag Not shipped outside the USA o into WA or OR 
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History Strikes Back 


The Roman 


Catapult 
Revived 


Long before the invention of gun- 
powder, ancient armies used siege 
engines to hurl all sorts of terrible, 
yet creative, missiles at each other. 
The Carthaginians put poisonous 
snakes in clay jars and launched 
them at enemy ships. The Romans 
threw bags of bees at their foes. 
And the Mongols enjoyed an early 
but gruesome form of germ warfare 
that involved tossing plague-infested 
corpses over the walls of castles. 

While reading about the bad old 
days, it struck me that a replica 
Roman legion-style catapult might 
be just the thing to bring excitement 
to my next neighborhood block party. 
I found content written by original 
Roman and Greek catapult engineers 
in a textbook, then designed my 
model to be fairly authentic— 
although I did use modern tools 
and materials. And for convenience, 
I decided to scale down the size. 

A spring made from twisted 
rope provides the power behind the 
catapult’s arm. (The ancients used 
horsehair, among other materials, 
but I found that natural fibers like 
hemp and sisal, which stretch less 
than nylon rope, also make excellent 
catapult springs.) When fully wound, 
the rope places immense stress on 
the entire structure, so it's important 
to build the wooden frame solidly. 
Without the pair of cross-braces I 
added, the machine would implode 
when the spring was tightened. 

The taut spring also makes it 
difficult to release the catapult’s 
throwing arm quickly. But a little 
mechanical device called a panic 
snap, available at hardware stores, 
makes a fast, controllable trigger. 


It disconnects easily because its 
latching mechanism is separate from 
the load-bearing structure. 

But even with a good trigger, 
hurling the ammo properly can be 
tricky. Let go too early, and it shoots 
straight up. Too late, and it plows into 
the ground in front of you. I attached 
a cord to my projectile and looped the 
other end around a peg in the top of 


IN HISTORY STRIKES BACK, COLUMNIST WILLIAM GURSTELLE GIVES 
ANCIENT WEAPONS A MODERN DIY SPIN. 
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the throwing arm. The cord, with its 

attached payload, slips off the peg 

at just the right time. And its length 

controls how far the missile will fly. 
Instead of flinging bolts, Roman 

style, I tried baseballs, burritos, and 

even full cans of beer (the latter, 

it turns out, are not a great idea). 

My tactics may not have won any 

battles—but they sure were fun. 


Years since the 


invention of 
the catapult 





For instructions 
on building your 
own Roman 
catapult, check 
out popsci.com/ 
DIYcatapult. And 
send photos and 
video of your 
creation to 
historystrikesback 
@popsci.com. 


Keep body parts clear of the throwing 
arm and remember to wear eye protection. And when 
choosing projectiles, exercise common sense. 


PHOTOGRAPH BY Ackerman + Gruber 


Slippers With The Comfort 
& Warmth Of A Sweater 
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FREE SHIPPING & HANDLING on Every ORDER! 


Keep Your Feet Warm All Winter Long 
Unlike bulky slippers that flop open and let cold air slip in, these incredible “cardigan” slippers hug your feet from 
toe to ankle, so the warmth stays in and the cold stays out. Fabulous fashion import has handsome “suede-like” 
micro fiber bottom with non skid soles, and the soft and cushy acrylic knit upper is specially designed to lock in body 
heat and block out cold. Plus, the ultra plush fleece inside pampers your feet like never before. 
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2 ligau Slitfoer Sache OOVISA (MasterCard OU Discover®/NOVUSS™Cards 


| #160 Ladies’ S (5-6) _M (6%4-7'4)_L (8-9) _XL (914-10) | Dept. 70410 — —  f 
1.800.530.2689 | CARAMEL 


BLACK | | | | | 


ORDER NOW TOLL-FREE 



































. ‘ ! #161 Men’s’ § (6-7) M (7'4-8'4) L(9-10) XL (10%%-12) 
Receive a Free Surprise ‘tcnameal~SSCOCSCOSCSCSSSSCSSSSSSSSS CN 
. Pris) Slipper Socks @ $12.99 |§ _ ee 
‘| CAresidents must add 7.5% sales tax $ 
DreamProducts.com | Daytime Phone # 


(website offers may vary) Add An Additional $2.95 


(receive your order 5-7 days from shipment) $ 2.95 Email Address 


Satisfaction Guaranteed or Return For Your Money Back | Please Print Clearly TOTAL $ Sean itv ie ck Ge 
: J J 
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' L_ jv FOR EXPEDITED SHIPPING (optional) — 


Gift With Every Order — || stack | | | Rees 7 
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Enviable Project 
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Robot Night at the Museum 






v 
== 
In the darkness of the deserted museum, 
something inhuman stirred. A pair of head- 
lights swept around a corner, illuminating 
a statue—as a camera streamed the sight 
to viewers around the world. The nocturnal 
intruder was part of “After Dark,” an event 
series In which robots roam a public space 
when the crowds have gone home. 

During the first “After Dark” event, in 
August 2014, about 500 people got a chance 
to explore London's Tate Britain via one of 
four robots. Tate had selected “After Dark” 
and its creators, designers Ross Cairns and 
Tommaso Lanza, for its annual IK Prize, 
which awards technology projects that bring 
art to a larger audience. While one of the 500 
volunteers used online controls to steer the 
robot, everyone else could watch a live feed 
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as art experts provided commentary. 
Viewing art after hours is familiar to 
Cairns and Lanza, who have produced 
interactive exhibits in several museums and 
galleries. “Working in these amazing spaces, 
we often walked around the galleries at 
night by ourselves—public spaces where we 


were really not supposed to be,” says Cairns. 


“We wanted to re-create that experience.” 
The robots’ next deployment is top 
secret—for now. Keep an eye on the proj- 
ect’s Twitter handle, @afterdarkrobots, or 
sign up for its mailing list. ALLIE WILKINSON 


Cairns and Lanza 
built the bots from 
laser-cut and 
machined parts, 
along with DIY 
electronics. To 
avoid knocking 
over priceless 
works of art, the 
robots use sonar, 
which detects 
sound waves as 
they bounce off 


STEER CLEAR OF THE ART 


Number of people who 
watched the live stream 
of “After Dark’ 


obstacles. If an 
object blocks a 
robot's path, it 
won't proceed for- 
ward, even when 
its driver orders 
it to. The design- 
ers also built ina 
fail-safe: If one of 
the sensors stops 
working, a switch 
will cut off power 
to the bot. 


“IN THE DEAD OF NIGHT, WE WERE 
SNEAKING UP ON STRANGE ROBOTS 
OPERATED BY OUTSIDERS ON THE 
OTHER SIDE OF THE PLANET.” - oss caiens 


PHOTOGRAPH BY Alexey Moskvin 


“AFTER DARK," 


“AFTER DARK" ROBOT WITH JACOB EPSTEIN’S THE VISITATION (1926), 


THE IK PRIZE ©2014; COURTESY TATE MODERN PHOTOGRAPHY: ALEXEY MOSKVIN ©2014 





QUALITY TOOLS AT RIDICULOUSLY LOW PRICES 


OMT eG ml 
Sell GREAT QUALITY Tools 
PMMA AY i eey 


We have invested millions of 
dollars in our own state-of-the-art 
quality test labs and millions more 
in our factories, so our tools will go 
toe-to-toe with the top professional 
brands. And we can sell them for 

a fraction of the price because we 
cut out the middle man and pass 
the savings on to you. It’s just that 
simple! Come visit one of our 

550 Stores Nationwide. 


26".16 DRAWER & 
ROLLER CABINET & 


¢ 1060 lb. Capacity 
* 14,600 cu. in. Item LOTNO. 
67831 

of storage FA 





REG. 
PRICE 
$649.99 


62005105 





67831/61609 — 
——— 
 —— 


R=} . 


Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. . or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 


ANY SINGLE ITEM 


7°— SUPER COUPON 


FREE 


WITH ANY PURCHASE , 
cCeN = Cr. j 


7 FUNCTION , 
DIGITAL , 
MULTIMETER | 


ITEM 90899/98025/69096 








Item 
90899 
shown 


Save 20% on any one item purchased at our stores or HarborFreight.com or by calling 
B 500 -423-2567. *Cannot be used with other discount, coupon, gift cards, Inside Track 1 i 
Club membership, extended service plans or on any of the following: compressors, 
generators, tool storage or carts, welders, floor jacks, Towable Ride-On Trencher, 
Saw Mill (Item 61712/62366/67138), Predator Gas Power Items, open box items, i i Cannot be used with other discount, coupon or prior purchase. Coupon good at our 1 
in-store event or parking lot sale items. Not valid on prior purchases after 30 days stores, Ie a by calling 800-423-2567. Offer good while supplies last. Shipping 
f from original purchase date with original receipt. Non-transferable. Original coupon fj 1 & Hand ling charges m pply if not picked up in-store. Non-transferable. Original coupon 
must be presented. Valid through 6/17/15. Limit one coupon per customer per day. must be presented. Valid ihraigh 6/17/15. Limit aie FREE GIFT coupon per customer per day. 


PITTSBURGH Gaal 40 PIECE 1/4" AND 3/8" DRIVE 


LOT NO. 
68056/60706/62319 ¢ SAEand Metric SOCKET SET 






Item PITTSBURGH 
RAPID PUMP® cu LOT NO, 
4 TON HEAVY DUTY 61328 
REG. 
PRICE 
$199.99 | = 
0 OAL NEN LN N= NS AAA geese 


Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 


or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 


Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. * Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. * Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. 


Lotno. 69039 10 FT. x 17 FT. 
PORTABLE 
GARAGE 


Item 69039 shown 60727/62286 





MOE EY MN ec. price s2o0.o9 
681988744 


Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 


POWDER-FREE NITRILE GLOVES 
| HARDY PACK OF 100 


2500 LB. ELECTRIC WINCH WITH 
NEW) WIRELESS REMOTE CONTROL 


LOT NO. 68146 





e 5 mil. LOT NO. 68496 61258/61297/61840 
thickness 61363/97581 Item 61840 shown 
68498 

shown LARGE 

LOT NO. 

68497/61360 

REG. PRICE 
$11.99 X- LARGE 





LOTN 
U0 0 i tl TUPI TT 


Good at our en or qniocancy com or by calling 800-423-2567. Cannot be used with other discount 


MU AU UN MUNN pee, Moshe 


Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 


or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. . or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. » or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
hor 
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2.5 HP, 21 GALLON 


VERT 
hig COMPRESSOR 
CENTRALPHEUMATIC 


347 LOT NO. 67847 
Hen 61454/61693 


Was Grease OTHE | wt ome Couper per customer 


GD 


REG. PRICE $219°99 
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MIG-FLUX 
WELDING CART 


Welder and accessories 
sold separately. 
LOT NO. 69340/60790 
90305/61316 
Item 69340 shown 


REG. 
PRICE 
$59.99 


Good at our ae or PERSO com or ae calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. 


e 100% Satisfaction Guaranteed 


e Over 25 Million Satisfied Customers 






carat 4 seed wh ster Secs 
per day. 





owe dey * Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. * Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. 


TRIPLE BALL 
TRAILER HITCH 


LOT NO. 94141 
69874 
61320 
61913 


Haul$Mastes 


x 











Item 
CTV 69381 LOT NO. 66619 


61914 shown 69381/60338/6207° 
Item 94141 
shown SEG 
PRICE REG PRICE $1729 


$59.99 


(mn .0 1 TOL 


Good at our stores or HarborFreight.com or by ave ae Ans ar i be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. 


OCATING SAW 
ROOT TING HANDLE 


WITH ROTA 
ia Ys 
fener 


Yun IN) WON ON MAN WWM 


asad wth wha Pecout 
meena 2 ore erwe spaies ast 


sores — 
ore Limit one coupon per customer per day. 


tromr ov geal purcuaee ae 
ene presented. Valid through 6/17/15. 


a yerable. Original oe 1 1 QR LB ; C APACITY 
Haul? Master 4 


FT. x 8 FT. 
HEAVY DUTY FOLDABLE 
UTILITY TRAILER 








PAYS 





| 90158 /62170 
oa 
veer “a 7 wo U5 * DOT certified 
a) CHICAGOBELES TRG 059707370 t soe anaes 
4.4 Wi) \I\ ll shown 
wage, MUN MINYNNANN INIT EAN ap 0 OY EYAL MA A) BEC Pre Soo 9 
Good af Cet stores ct com oF ny elng 800-423 vow oreny hewot or Good at our reg or eae com or by calling 800-423-2567. Cannot be used with other discount 


rom ofg.oe precnase suppes at 
ma wood stomer pet C2. 
Tene: ted. Valid through 6/17/15. Limit one coupon perc 


coupes oF pnt purchases or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non transferable. Original coupon mustbe presen 


Non-transferable. Original coupon must be presented. Valid through 6/17/15. Limit one coupon per customer per day. 





e 550 Stores Nationwide 
e HarborFreight.com 800-423-2567 


e No Hassle Return Policy 
e Lifetime Warranty on an tana tools 
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Charted Territory 


CLOCKING 
THE FASTEST 
BICYCLES 

ON EARTH 


Any car can outpace a typical 
human-powered bike. But within 
an aerodynamic carbon-composite 
casing (picture a large bullet with 
a windshield), even an average 
cyclist can accelerate to more than 
50 miles per hour. “Here's this 
teardrop missile going at highway 
speed, and all you can hear is the 
sound of air going over the body 
and tires on the ground,” says Alan 
Krause, president of the Interna- 
tional Human-Powered Vehicle 
Association (IHPVA). The organi- 
zation has been holding competi- 


THE FOUR MOST CONTENTIOUS RECORDS 
Speed over 200 meters 


Men 


Women 


Speed sustained for an hour 


Men* 


World human-powered speed record, in miles 


per hour, set in 2013 by Sebastiaan Bowier of 


Human Power Team Delft in the VeloX 3 bike 





Women 


80 





20 


The Beginning 
The IHPVA's 
competitions give 
teams a chance to 
test designs, swap 
ideas—and break 
lots of records. 


Big Money 
One-hour record 
attempts increase 
as bikers vie to 
cover 56 miles 

in an hour and 
win the $25,000 
Dempsey- 
MacCready prize. 


Battle Mountain 
An annual compe- 
tition begins ona 
straight, flat high- 
way near Battle 
Mountain, Nevada. 
One-hour events 
need a longer 


track, but with five 
miles to build up 
speed, 200-meter 
records shoot up. 


tions since 1976, tracking the new 1973 1985 1995 2005 2015 
speed records set as bike designs 
improve. SOPHIE BUSHWICK 


*Some records appear slower because the IHPVA distinguishes between high- and low-altitude records. 
The first two men’s one-hour records, from 1932 and 1938, are omitted for space. 


SOURCE: INTERNATIONAL HUMAN-POWERED VEHICLE ASSOCIATION 


V Reliably Low Prices 
V Easy To Use Website 

VA YY outa 

V Fast Shipping 








‘My friends all hate their 


cell phones... I love mine!” 





Here’s why. 


Say good-bye to everything you hate about cell phones. Say hello to Jitterbug. 





Basic 14 Basic 19 
Monthly Minutes 50 was LOT NOW 200 














“Cell phones have gotten so small, I can barely 
dial mine.” Not Jitterbug’, it features a larger 











keypad for easier dialing. It even has an MonthiyRee} $14.99 $19.99 
oversized display so you can actually see it. Opener Asimnes} 24/7 2417 

911 Access FREE BREE 

Lag | i 
“I had to get my son to program it.” Your | Long Distance Calls | No add'l charge | _No add'l charge 
Jitterbug set-up process is simple. We'll even 877- Voice Dial = FREE FREE 
pre-program it with your favorite numbers. , Nationwide Coverage | YES YES 
47 (- \ Friendly Return Policy' 30 days 30 days / 


More minute plans available. Ask your Jitterbug expert for details. 
‘Tl be paying for minutes I'll never use!” 
Not with Jitterbug, unused minutes carry over to the 


next month, there’s no roaming fee and no additional 
charge for long distance. 


“I tried my sister’s cell phone... I couldn't 2865 
hear it.” Jitterbug is designed with an improved 

speaker. There’s an adjustable volume control, ya 
and Jitterbug is hearing-aid compatible. 


“I don’t need stock quotes, Internet sites or 
games on my phone, I just want to talk with 
my family and friends.” Life is complicated 
enough... Jitterbug is simple. 


“My phone’s battery 
only lasts a couple of 
days.” The Jitterbug’s 
battery lasts for up to 


“What if I don’t remember a number?” Friendly, 25 days on standby. 


helpful Jitterbug operators are available 24 hours a 
day and will even greet you by name when you call. 






Enough talk. Isn’t it 
time you found out 
more about the cell 


12:36 
B 
Mon Feb 16 
Macca ett phone that’s changing 
all the rules? Call 


now, Jitterbug product 
experts are standing by. 





“Td like a cell phone to use in an emergency, but I 
don’t want a high monthly bill.” Jitterbug has a plan 


to fit your needs... and your budget. 


“My cell phone company wants to lock me in on a 
two-year contract!” Not Jitterbug, there’s no contract 


to sign and no penalty if you discontinue your service. 


Available in Blue, Red (shown) and White. 


Order now and receive a NEW Jitterbug5 Cell Phone 


FREE Car Charger for your Jitterbug — Call toll free today to get your own Jitterbug5. 
a $24.99 value. Call now! Please mention promotional code 59878. 


1-877-470-2865 
first tSTREET Sg www. jitterbugdirect.com 


for Boomers and Beyond*® 


jitterbug 5 =: We proudly accept the following credit cards. 
magia “Na 7 eo H- == 
Colonial Heights, VA 23834 | ae 
IMPORTANT CONSUMER INFORMATION: Jitterbug is owned by GreatCall, Inc. Your invoices will come from GreatCall. All rate plans and services require the purchase of a jitterbug phone and a 
one-time set up fee of $35. Coverage and service is not available everywhere. Other charges and restrictions may apply. Screen images simulated. There are no additional fees to call Jitterbug’s 24-hour U.S. 
Based Customer Service. However, for calls to an Operator in which a service is completed, minutes will be deducted from your monthly balance equal to the length of the call and any call connected by 
the Operator, plus an additional 5 minutes. Monthly minutes carry over and are available for 60 days. If you exceed the minute balance on your account, you will be billed at 35¢ for each minute used over 
the balance. Monthly rate plans do not include government taxes or assessment surcharges. Prices and fees subject to change. ‘We will refund the full price of the GreatCall phone and the activation fee 
(or set-up fee) if it is returned within 30 days of purchase in like-new condition. We will also refund your first monthly service charge if you have less than 30 minutes of usage. If you have more than 30 
minutes of usage, a per minute charge of 35 cents will be deducted from your refund for each minute over 30 minutes. You will be charged a $10 restocking fee. The shipping charges are not refundable. 


Jitterbug and GreatCall are registered trademarks of GreatCall, Inc. Samsung is a registered trademark of Samsung Electronics Co., Ltd. ©2015 Samsung Telecommunications America, LLC. ©2015 
GreatCall, Inc. ©2015 firstSTREET for Boomers and Beyond, Inc. 
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DIY 101 





This fractal 
antenna can be 
assembled in an 
hour or less. 


LEARN 

TO DEFY 
THE 
CABLE 
COMPANY 


» 











! 

| 

! 

! 
==s | 
Frustrated by years of expensive : 2 
cable bills, Norm Sutaria ditched Design | Assembly | Background | Fine-Tuning = 
his set-top box and used online Students in Sutaria’s | Both designs were | Sutaria explained that | Wires must have = 
instructions to build a homemade class built either a 32- 1 simple: afew pieces of ; the electromagnetic  '! theright length and x 
HDTV antenna. Then the education | inch “bow tie antenna,” | copper wire arranged | waves that make up position to pick up S 
specialist shared his newfound reminiscent of the ‘ona block of wood | HDTV signals vary _ the waves. Trimming < 
expertise with a class at Brooklyn classic rabbit ears, or ' using nails and wash- : from 1/4 to 806 : them and adjusting S 
Brainery, a crowd-sourced edu- an eight-inch “fractal : ers. The wires pick 7 megahertz, falling i their positions by ca 
cation space in New York City. antenna,’ pictured ' up HDTV signals and! withinthe spectrum | bending them forward a. 
Popular Science sat in to learn how here, whichismore | send them to the tele- | of radio waves. In this ! or backward can z 
to nab affordable, high-resolution compact and slightly | visionviaamatching | span,each TV station : optimize the antenna = 
television. ALEXANDRA OSSOLA _ harder to make. | transformer. , has a unique range. iGle your location. a 





Circuit training 
for your brain. 


(In just a few minutes a day.) 


Research suggests that the more you exercise your brain, 
the better. Rosetta Stone Fit Brains is a suite of fun, award- 
winning games designed to target six key areas of your 
brain—Memory, Logic, Concentration, Speed, Language, and 
Visual Recognition—with a personalized training program 
that gets harder as you get sharper. Just a few minutes a day 
is all you need to engage your brain and unlock your mind. 
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Train your brain with Rosetta Stone Fit Brains. 


©2014 Rosetta Stone Ltd. All rights reserved. Rosetta Stone and other trademarks used herein are the property of Rosetta Stone Ltd. and are used and/or registered in the United States and other countries. 


AMAZING NEW GRASS SEED MIXTURE GUARANTEES YOU A LUSH, 
GREEN LAWN IN ALL FOUR SEASONS, IN EVERY CLIMATE! 


THE ORIGINAL 


“CanadaGreen”’ 


Sprouts And Covers Super-Fast... Just 10 Days! 


Before: Lawn is an eyesore! Grass is After: In just 10 days, a thick, green, 
brown, dead or dying, with many bare beautiful lawn you'll be proud of! 


spots and weeds. 
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QUICKLY 
CARPETS 1000 
SQUARE FEET 


JUST § 95 E ns 
OR LESS! See coupon for ven urows In 


To Transform! special savings Impossible Spots: 
No preparation. Just broadcast seed, water or let Problem areas that are bare, 
nature do it. Your grass starts growing in just 5 days! Shady, weedy or hilly! 


Don’t Be Caught Without A Beautiful Green Lawn-Order Today! 


Yours At Last! Beautiful Grass That Stays Green 
Year-Round, From Florida To Alaska! 


Yes! The incredibly hardy grass that’s proven itself on golf courses throughout the U.S.A. and Canada is now available to you! And it grows 
SO quickly and easily: 

e Just scatter seed for a picture-perfect lawn starting in only 5 days! 

¢ Tolerates extremes from 120°F to 40°F below zero! 

¢ So hardy, it stays green thru heavy foot traffic, drought, scorching heat, freezing cold, even under heavy snow! 

e Saves you work by crowding out weeds. 


You probably know the abuse fairway grass must take: heavy foot and cart traffic, divots, every kind of weather condition! But through it all, 
greenskeepers have to maintain perfect grass. That's why they love this grass that sprouts quickly and thrives through the worst abuse. 


Exclusive offer! This is your chance to see for yourself how this amazing new seed will beautify your lawn all year long, while saving 
you time, work and money! Order today with an unconditional money back guarantee! (less s&h) ©2015 Best Buys Direct Allow 4 to 6 weeks for delivery 


CALL NOW! [| -800-208-2400 OR MAIL IN THE ORDER FORM BELOW 


YES ( | would love to have a lush green lawn in all 4 seasons! 
a Please send me enough grass seed to cover the following: Credit Card # 


1 1000 sq. ft. only $19.95 (2 Ibs) plus $5.95 S&H. Total $25.90 
L) 3000 sq. ft. only $34.95 (6 Ibs) plus $7.95 S&H. Total $42.90 
LY SAVE! 6000 sq. ft. $59.95 (12 Ibs) plus $9.95 S&H. Total $69.90 Address Apt. # 
LQ) SUPER VALUE! 9000 sq. ft. $90.00 (18 Ibs) FREE S&H. 





Exp. Date 


Print Name 





City State Zip 


Total Enclosed $ (NJ residents please add 7% sales tax) Send Your Payment Today To: BEST BUYS DIRECT 
L) Check ©) Money Order OI VISA ©) MasterCard ( Discover OQ AmEx Dept. #CG6000, P.O. Box 450, Wayne, NJ 07474 


Doctor Unveils Affordable 
Hearing Breakthrough 


Superior Hearing at a Fraction of the Cost of Expensive Hearing Aids 


Eric Priess, Health ¢» Science 

For years, people looking to 
correct their hearing loss have had 
to pay the high cost of a traditional 
hearing aid, sometimes as much 


as $5,000. 


Fortunately, now there’s 
ListenClear — a money-saving 
technological breakthrough that 
helps people hear everything 
again, at a small fraction of the 
cost of expensive traditional 
hearing aids. 


Superior, Customizable 
Hearing at Our Lowest 
Price Ever 


ListenClear™ is completely 
customizable for optimal hearing 
and is now available at our most 
affordable price ever. It even comes 
with a FREE lifetime supply of 
batteries!” 


While most people with hearing 
loss want to hear loved ones, 
on the phone or out at dinner, 
ListenClear™ offers several listening 
options to allow people to find 
their preferred listening setting, 


without the time and expense of a 
hearing test. 


Doctor-Designed, 
Breakthrough 
Digital Technology 


The advanced ListenClear™ 
technology is doctor designed, 
audiologist tested and FDA 
registered. Its digital design 
provides greater clarity and crisper 
sound in all environments, without 
the expense and hassle of hearing 
tests and fitting sessions. 


Practically 
Invisible! 


Lightweight Comfort, 
Virtually Invisible 


Aside from its incredible sound- 
boosting power, ListenClear™ is so 
small and discreet that most people 
don’t notice that it’s being worn! 

Its lightweight design also provides 
added comfort for long term 


The ListenClear Hearing Advantages 


VY Hear Everything 


Y Crisp Natural Clear Sound 
Everywhere 


Y Adjustable/Customizable 
Y Lightweight Comfort 
WY Most Affordable Price 


VY Ready for Immediate Use 
VY FREE Batteries for LIFE™ 
VY FREE Shipping 

VY FREE Tips and Travel Kit 
VY FREE Expert Assistance 


VY No Hearing Tests/Fittings 
Required 





wear—many users report that they 
even forget they’re wearing it! 


Even better, ListenClear” 


also comes with a variety of 
soft, flexible ear tips to help you 
select a combination that is most 
comfortable for you. 


The PERFECT Way to 
Hear Better Everywhere: 


e TV viewing 
® Conversations 


@ Restaurants 


Family a gn 
Church \ 


Concerts 


Meetings 


((‘listenclear’ 


sy 


“OUR LOWEST PRICE | 
| PLUS, FREE SHIPPING | 


CALL TODAY 


A. §00-922-5797 


| USE OFFER CODE AT35 
| to get FREE BATTERIES 


) FOR LIFE!” 


| ListenClear.com 





**Shipping charges apply. 


©2015 Marketing Architects 
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Go Ahead... 


Ask Us 
Anything 


ANSwers BY Daniel Engber / 1LLustratIoNs BY Jason Schneider %9 









What's the 
Password 7 








What's the worst 
ossible password? 





Short answer Password! is pretty bad. 


Last fall, hackers leaked 10 million 
email passwords on a Russian Bit- 
coin forum. Bogdan Calin, the chief 
technology officer for Web security 
firm Acunetix, sifted through the 
data and found almost 50,000 Gmail 
accounts with the same password: 
123456. In fact, strings of consecu- 
tive numbers comprised half of the 
top 10 most common codes. 

While disturbing, stolen pass- 
words may not be the best source 
of information on personal security 
habits. “When you're collecting 
hacked passwords, you're getting 
passwords that are hackable,’ says 
Mark Burnett, an independent se- 
curity expert. “Often times the data 
come from places that don't have 
strong policies, or sites that no one 
really cares about protecting.” That graphic, way of analyzing 
may be why data-dumps Like this radar threats. We call it 
one include so many obvious duds. the . Our 
Burnett’s own collection of 30 to 40 exclusive Arrow-in-the-Box 
million leaked accounts contains concept helps spot radar 
password at least 150,000 times. amid false alarms. All bands 

Other leaks suggest that more side-by-side on one screen 
stringent security policies may not easily reveals Double-Zap 
yield more sophistication. A 2009 traps. Enables advanced 
hack revealed a long List of pass- programming, too. 
words with at least one number 


great. We have things to make them 
stronger, like two-factor authentica- 
tion, but on their own, passwords are 
kind of at the end of their effective- 
ness.” That means while the worst 
passwords are obvious, there's really 
not a best one either. 


Have a burning question? 


Email it to askanything@popsci.com 
or tweet it to @PopSci #AskAnything. 


Looking for long-range radar detection? 
‘Pure range ts the Valentine's domain. 


— Autoweek 


Where's the radar? /t's in the Box. 


Ka Mid wv 


Arrow in the Box: means a threat in the Zone of 
Certified Radar Activity. 


Ka Mid =< | 


What you'll see: a new, 


and one capital letter. Password1 
topped the list, with P@sswOrd and 
PasswOrd not far behind. 

To improve account security, 
Burnett says to use at least 10 
characters and avoid common 
phrases. But even that may not offer 
much protection. “The capability of 
cracking passwords has gotten so 


POPULAR SCIENCE / 77 


Mike Valentine 
Radar Fanatic 


Arrow out of the Box: No radar (except photo) can 
be outside the Box and still comply with FCC rules. 


at valentine1.com/touchscreen 


Call toll-free 1-800-331-3030 

(_. Valentine One Radar Locator with Laser Detection - $399 
(_| Carrying Case -$29 (_| Concealed Display - $39 

L_ Viconnection"- $49 () Viconnection™ LE - $49 

| SAVVY¥®-$69 Plus Shipping / Ohio residents add sales tax 10280 Alliance Road 


Cincinnati, Ohio 45242 er 7 m 
30-Day Money-Back Guarantees 


Valente Gre i « regeterec tecemert of Veiertre Ressaret, inc * Android 4a trademark of Googie inc * Apple is « registered trademark of Apple inc. 


per el al dal One’ 


RADAR LOCATOR 


Valentine Research, Inc. Ph 513-984-8900 
Department No. YG35 Fx 513-984-8976 





ASK US ANYTHING 
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DO FISH GET OUT 


OF BREATH? 


Short answer Do bears poop in the woods? 





Fish need oxygen, and, yes, some- 
times they run short of it. There are 
roughly 30,000 different fish species 
and they respond to exertion in dif- 
ferent ways, says Jeffrey Richards, a 
biochemist at the University of British 
Columbia who studies hypoxia and 
stress. Salmon, for example, work 
really hard when they traverse rapids 
or waterfalls, but it doesn't leave 
them gasping. The effort is more akin 
to weightlifting than running, says 
Richards. The fish’s muscles will tire 
before they run out of oxygen. 

That's a bit different for tropical 
fish. While salmon live in cool water, 
which typically has lots of dissolved 
oxygen, tropical fish are more likely 
to find themselves in oxygen-poor 
environments. As a result, they've 
developed several special adapta- 
tions to being short of breath. Some 


species, including many of those sold 
for home aquariums, will engage in 
“aquatic surface respiration.” They 
swim upward for swigs from the 
top-most layer of water, which has 
been exposed to the air and therefore 
contains more oxygen. Others— 
including sculpins and gunnels—pop 
out of the water for gulps of air. And 
then there are those, like the lung fish, 
who use internal organs as makeshift 
lungs, absorbing oxygen into the blood 
through the walls of their mouth, 
swim bladder, or even stomach. 

Note: A fish will never get so short 
of breath that it passes out. It'll rest 
near the sea floor to save energy, 
or surface in search of oxygen first. 
Making themselves that vulnerable 
might seem risky. “But if they're the 
only animals still alive at such low 
levels of oxygen, they won't be picked 
off by predators,” Richards says. It 
doesn't matter if you're exposed so 
long as you're the last fish swimming. 
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Cnvi 


economical. safe. simple. 


energy saving 


ultra-safe 


healthy 


effective 


silent 


easy install 


stylish 


heats room for as little as 
4 cents per hour* 


leave unattended 24/7; 
cool to the touch 


fanless - doesn’t blow dust 
& allergens or dry the air 


100% Pure Stack Convection; 
gentle whole room warmth! 


fanless design, auto dimming 
power light 


installs in minutes, no drill; 
hardwired & plug-in models 


slim space saving design, 
19” wide x 2” thin! 


eheat.com 1-800-807-0107 


(*visit website for details) | 10% OFF Coupon: PS1214 | 2ormore 15% OFF Coupon: PS121415 | Free Shipping to USA & Canada* 


ARE 
APHRODISIACS 
FOR REAL? 


Short answer You'd be better off with a Little 
Marvin Gaye. 





ASK US ANYTHING 





If you’re in the market for a natural 
aphrodisiac, you've got options. A 
research review from 2011 listed 34 
plant species that have produced 
amorous effects in Lab animals. “But 
the vast majority of products marketed 
as natural aphrodisiacs have not been 
scientifically proven according to 
Western standards,” says Rany 
Shamloul, a doctor at the Ottawa 
Hospital Research Institute who has 
treated male sexual dysfunction. 
Researchers have done prelimi- 
nary (but inconclusive) studies on 
the aphrodisiacal properties of an 
assortment of plants and animals, 
among them the Malaysian sea slug 
known as “dugu-dugu,’ a chemical 
from the skin of the Bufo toad, priapic 
venom drawn from yellow scorpions 
and Brazilian “armed” spiders, the 
ambergris in sperm whales, and a 
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protein found in the vaginal secre- 
tions of hamsters. “Every culture 
has its own,” says Shamloul. “In 
North America, there's a myth about 
oysters; I don't know why.’ 

In 2014, Shamloul published a 
literature review for which he found 
a few positive results from animal 
studies, but no methodologically 
sound human studies. Despite his 
skepticism, Shamloul came across 
reasonable evidence in support of 
Korean red ginseng: “That one has 
been proven better than placebo.” 

Synthetic drugs, including those 
that affect the release of dopamine in 
the brain (which are often prescribed 
to patients with Parkinson's disease), 
can cause hypersexual behavior. 
“That side effect only affects 2 or 3 
percent of users, but it’s there,” says 
Shamloul. “It means there are other 
drugs that can enhance the sexual 
drive.” Perhaps more effectively than 
a bowl of tiger penis soup. % 





’ 
_Laser Measured, Custom-Fit 
FloorLiner™ 


Weather : 


Automotive Accessories 





Cargo/Trunk Liner 


al 


All-Weather 
Floor Mat 


CargoTech® 
Keeps Cargo Stable 
: 


ee 


In-Channel p 
Side Window Deflectors 





- Acura - Audi - BMW - Buick - Cadillac - Chevrolet - Chrysler - Dodge - Ferrari - Ford - GMC - Honda - Hummer - Hyundai - Infiniti 
Accessories Available for Isuzu - Jeep - Kia - Land Rover - Lexus - Lincoln - Maserati - Mazda - Mercedes-Benz - Mercury - Mini - Mitsubishi - Nissan 
Oldsmobile - Plymouth - Pontiac - Porsche - Saab - Saturn - Scion - Subaru - Suzuki - Toyota - Volkswagen : Volvo - and more! 





European Customers 
WeatherTechEurope.com 


Canadian Customers 
WeatherTech.ca 


American Customers 
WeatherTech.com 





Order Now: 800-441-6287 


© 2015 by MacNeil IP LLC 





oy titte: Fence Stain 


or get a great paying on-site job 
Earn your Career Certificate at home in 


as little as 4 months, or your AAS Degree 
in 16 months. No classes to attend! 


@ Ss 





Poy “ame 


et ata, Page it AE re Eee © Health Information Tech. © Medical Coding & Billing 
Li ere SP - ew es A Tr2 7 O Accounting © Medical Transcription 
DE A Pe Law Uckese ‘a QO Entrepreneurship © Medical Billing 
OM Fashion Merchandising © Home Inspection 
Tu rn A Ro L g h 0 Marketing © Massage Therapy 
= QO Human Resources O Medical Coding 
D riveWwa y I Nn to © Business Management © Paralegal 
. O Financial Services © Wedding & Event Planner 
A S Mm oot h Ry d ec I QO Social Work QO Accounting Services 
" © Medical Specialties © Veterinary Assistant 
® oo 8) Child Day Care 
DR’ POWER GRADER GET FREE Q Patient Care Technician 
easily fills in potholes, FACTS. - a Oe 
h Saari O Certified Personal Trainer : 
gee ae Contact Us soo Phanmacy Technician eye lismieehiae) mise 
controls grading depth Today! O Insurance Claims Adjuster in just 5 minutes! 
with a remote control. O Medical Assistant 


QO Dental Assistant 

© Healthcare Office Manager 
© CompTIA A+ 

OQ CompTIA Network+ 


# Call 1-800-388-8765 ormains Ae 


loosen the hardest surfaces. 
www.uscieducation.com/PPS25 
Name Age 


PRer samen EIEIO 
Address Apt 


Call for FREE DVD and Catalog! | |B cy State Zip 
TOLL-FREE y Bo 
U.S. Career Institute® 


] Phone 
& 
888-213-1109 . Ds E s001 Lowe St, Dept. PPSB2A25, Ft. Collins, CO 80525 


DR powerg rader.com on ] *All wage data based on experience in the field and figures from professional 
associations, 3rd party resources and/or the U.S. Dept. of Labor's BLS website. 
— ee ee ee ee 


» Sprayer attaches 
directly to garden 
hose. 


composite driveway surfaces without the 
need to haul, shovel, or rake new material. 


* No masking, simply hose off 
over-spray. 


86534X © 2015 


« One quart covers 600 square ft. 


« Select from three natural wood 
tones; Natural Cedar, Dark Cedar 
or Redwood. 





FiveMinuteFence.com 
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STEEL BUILDING SPECIALS 


FREE 
BROCHURE 


Inflatable 
Kayak 


VISIT 
OUR 
WEBSITE 


30’ x 50’ x 10’ 

40’ x 60’ x 12’ $12,850 
Easy to Carry, Easy to Set Up, Easy to Paddle, Easy to Store, ' 50’ x 75°x 14 $18,500 
Could You Ask for More? a , , : 
Our Sea Eagle 370 inflatable kayak provides instant adventure ‘SE370 ee . “_ . & $25,500 
to go! This large 12’ 6” inflatable kayak packs to the size of 100° x 150° x 14 $59,700 
a small duffel bag, inflates in less than 8 minutes and can PRICES INCLUDE COLOR SIDES & 
be used almost anywhere there is water. Paddle wild rivers, . GALVALUME ROOF 
remote ponds, scenic lakes... even ocean surf! The SE 370 ; Local codes may affect prices 
weighs just 32 Ibs., holds up to 650 Ibs. of people & gear. “— AP >' Prices F.0.B. Mig, Plants; Seal Stamped Glue Pits; 


This great inflatable kayak features 2 deluxe kayak seats with ja | ® 
deluxe valves, 2 skegs for better tracking, 5 deluxe air valves, = a 
drain valve, rigid |-beam floor, spray skirts & carry handles. ; al 
- Our Sea Eagle 370 Pro Kayak 
Package includes: SE 370 kayak, 2 8’ 4-Part Aluminum & 
Paddles, 2 Super Comfortable Deluxe Kayak Seats, Foot abe 


Pump, Repair Kit and Convenient Nylon Shoulder Strap Tin sion MRS ea anleBoals STEEL BUILDING SYSTEMS 


Carry Bag that holds it all. * Fax: 940-484-6746 


6 month Trial Guarantee / 3 Year Warranty Against Defects. SEB EAGLE com onal: 0° 


Visit SeaEagle.com for more details Dept mee es ME inreeere are ne 


Call iene toil Free 1-888-756-0737 
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SCRATCH 


see how easy it is to restore 
that like-new finish in just an 
afternoon. Watch our online 
how-to videos to show you how. 


> eee 


a ab 
% oz and 2 02 bottles 
12 0Z Spray cans 
Ready-to-spray pints, 
quarts and gallons 


Automotivetouchup.com 
888-710-5192 
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Order Your New U.S. 2015 Silver Dollars Now! 


illions of people collect the American 

Eagle Silver Dollar. In fact it’s been the 
country’s most popular Silver Dollar for over 
two decades. Try as they might, that makes it 
a very hard “secret” to keep quiet. And right 
now, many of those same people are lining 
up to secure the brand new 2015 USS. Eagle 
Silver Dollars — placing their advance 
orders now to ensure that they get America’s 
newest Silver Dollar just as soon as the coins 
are released by the U.S. Mint in January. 
Today, you can graduate to the front of 
that line by reserving your very own 2015 
American Eagle Silver Dollars — in stunning 
Brilliant Uncirculated condition — before 
millions of others beat you to it. 


America’s Brand New 


Silver Dollar 
This is a strictly limited advance release of 
one of the most beautiful silver coins in the 
world. Today you have the opportunity to 
secure these massive, hefty one full Troy 
ounce U.S. Silver Dollars in Brilliant 
Uncirculated condition. The nearly 100- 
year-old design features a walking Lady 
Liberty draped in a U.S. flag on one side and 
a majestic U.S. Eagle and shield on the other. 


The Most Affordable 
Precious Metal— 

GOVERNMENT GUARANTEED 
Silver is by far the most affordable of 
all precious metals — and each full Troy 
ounce American Eagle Silver Dollar is 
government-guaranteed for its 99.9% 
purity, authenticity, and legal tender status. 


A Coin Flip You Can’t 
Afford to Lose 


Why are we pre-releasing the most popular 
Silver Dollar in America for a remarkably 


affordable price? We're doing it to introduce 
you to what hundreds of thousands of 
smart collectors and satisfied customers 
have known since 1984 — GovMint.com 

is the place to find the world’s finest coins. 


Lock In Your Reservation 
By calling today, you can reserve some of the 
very first brand new Brilliant Uncirculated 
2015 American Eagle Silver Dollars ever 
released. Your reservation and price will 
be locked in, and your stunning new Silver 
Dollars will be shipped to you just as soon 
as the U.S. Mint releases the coins in January. 


30-Day Money-Back 


Guarantee 
You must be 100% satisfied with your 2015 
American Eagle Silver Dollars or return 
them within 30 days of receipt for a prompt 
refund (less s/h). Don’t miss out on this 
exclusive advance release. Call immediately 
to secure these American Eagle Silver 
Dollars ahead of the crowd. 


2015 American Eagle 

Silver Dollar BU........ $149-95 ea. (plus s/h) 
Introductory Price $18.95 ea. (plus s/h) 
(LIMIT 10) 


Additional 2015 Silver Eagle BU Dollars 
may be purchased for $19.95 each (plus s/h). 
Limited to 50 total coins per household. 


For fastest service, call today toll-free 


1-800-956-7267 


Offer Code PEG192-03 


Please mention this code when you call. 














“) GOVMINT.COM’ 


GovMint.com = 14101 Southcross Dr. W. Dept. PEG192-03 = Burnsville, Minnesota 55337 


Prices and availability subject to change without notice. Past performance is not a predictor of future performance. 
NOTE: GovMint.com® is a private distributor of worldwide government coin and currency issues and privately issued 
licensed collectibles and is not affiliated with the United States government. Facts and figures deemed accurate as of 


November 2014 ©2015 GovMint.com. 





THE BEST SOURCE FOR COINS WORLDWIDE™ 


innifred Cutler-Creator of 10X 


SUR aS 
ADDITIVE INCREASES 


VSR 


unscented 


Ws fl aan 


24 orders “Oh, Dr. Cutler itlS 
you on the phone! | thought so. It's nice to 
talk to you. | like your product 10X. | use it 
in my aftershave, and not for the reason you 
would think. Well, the real reason | keep 
reordering is a lot more business results 
with the women. | think there is a 
definite effect of the 10X. 


| negotiate a lot of contracts for a consulting 
firm where | am VP. The people that are the 
hardest to negotiate with are the women, not 
the men. Women really want to compete with 
the guys. But with the 10X in my aftershave, 
it takes a lot of the edge off, so you can be 
in more of a win-win situation in your every 


day business ~~ 

RAISE the OCTANE ¢ 
Va ele 7 asl 
Created by Winnifred Cutler, Ph.D. in biol- 
ogy from U. of Penn, post-doc at Stanford. 


Co-discovered human pheromones in 1986 
(Time 12/1/86; and Newsweek 1/12/87). 


PRC e ke ee 


Athena 10X is designed to enhance attrac- 
tiveness. Vial of 1/6 0z. added to 2-3 02. of 
your cologne or aftershave lasts 4 to 6 
months, or use straight. Contains synthe- 
sized human attractant pheromones. 
Effective for 74% in 8 week published scientific 
study. Not guaranteed to work for all, since body 
chemistries differ, but will work for most. 
Cosmetics not aphrodisiacs. 
Call (610) 827-2200 - Order online 
send to: Athena Institute, Dept PS, 
1211 Braefield Rd. Chester Springs, PA 19425 


Please sendme ____ vials of 10X for men @$99.50 
and/or vials of 10:13 for women @S$98.50 
for a *total by: U money order ) check 


LI Visa, M/C,Disc. - - 
Exp CVV. Sig 
to: Name 
Address 
City/State zip 
Phone: email 
(“PA add 6% tax, Canada add US $10.00 per vial) PS 


with your 


Pressure #25: 


Wash er er NE 


y 5 


Bol 
: 


Bp GIFT CODE: PS44 


ClogHog.com 877.992.5644 


Do you have a Product or Business? 


ADVERTISE! 


In Popular Science Magazine’s 
Showcase & Classified sections. 
Contact one of our salesmen today! 
Shawn Lindeman @ 212-779-5501 
Chip Parham @ 212-779-5492 
Frank McCaffrey @ 212-779-5510 


WwWwW.popsci.com 





~ World's 1° 


Sa Oil) 


- For FI ebeghe 
cr if? 2 





Just load a DR® RAPID-FEED™ 


CHIPPER, step back, and watch it 

chew up 5/2" thick branches! 
saves time and energy. 

Most branches can be dropped into the 


hopper and will self-feed, instead of you 
having to force-feed them. 


is standard on all 
models, for easily collecting discharged 
chips in a container or cart. 


is made of 
edge-holding, forged alloy tool steel. 


oy 
3-Point Hitch models too. 
FREE suIPPING EEO 


TA 


86533X © 2015 


TOLL-FREE 


888-213-1109 |.) 
DRchipper.com we 


WhiteWalls’ 


Magnetic WhiteboardSteel 
Wall Panels 


WhiteWalls.com [OE 





Need more space? 
Build your own 
murphy bed. 










Piston-lift 
mechanism kit 
includes 
step-by-step 
construction 
plans and 
instructional 
DVD 


Create-A-Bed® 
sel Baia l -§ //-966-3 wy 


www.wallbed.com 














ENJOY A CONTINUOUS SUPPLY OF HOT 
WATER FOR YOUR EVERY NEED. 
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WITH EZ 101 


om 


219.369.4781 | EZTANKLESS.COM 
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ADVERTISE! 


Your Product or Business in 


Showcase & Classified today! 
For more information on how 
contact one of our salesmen today! 


Shawn Linderman @ 212-779-5501 
Chip Parham @ 212-779-5492 
Frank McCaffrey @ 212-779-5510 





RotoCube Rotating 
Whiteboard Bulletin Tower 


Share information where 
people gather. 
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FREE Gift! | me .\ 


when you order by deadline 


NG 


Complete 4-Coin Uncirculated 
Set of 2009 cents, featuring 
special designs honoring the 
bicentennial of Lincoln’s birth! 


45-Day Money Back Guarantee of Satisfaction 


Order Deadline: 12:00 Midnight, April 30, 2015 


a Sg Offer oe New Customers sae 
nerican Eagle Silver Dollar at our c 


~A (7Eoy Please send me the carer 
— * AWK’ American Eagle Silver Dollar at 
Littleton’ s cost (limit 1). Plus, send my FREE 
Uncirculated 2009 4-Coin Lincoln Cent Set 
(one per customer, please). 








Limit One: $_ 18,75 


Limit one per customer at this special low price! 
Shipping & Handling: $_| 
I Method of payment: 


Get a 2015 American Eagle —— ‘mez 
Silver Dollar at our costh eee 


Card No. Exp.Date_/ 


Examination Coins-on-Approval Service, 
from which you may purchase any or none 
of the coins - return balance in 15 days - 


You can’t purchase this Uncirculated 
American Eagle silver dollar directly from 
the U.S. Mint. But you can now purchase 


ONLY 

















the official 2015 U5. silver dollar from Ns 1 ee 75 with option to cancel at any time. Don’t ponte Please print your complete name and address clearly 
Littleton Coin Company at our cost-and BV iMavaaggidm ‘clay - order your 2015 American Eagle 
with FREE shipping to your home! silver dollar at our cost today! pn oe 
The beautiful and sought-after $ 1 American New Release! oe " 
Eagle is over 99.9% pure silver and carries the same : 
desi h ine “Wellane 1 heree' sil * One ounce of 99.93% pure silver! 
Soda ie Pope eee ey eevee * Beautiful mint Uncirculated condition! 1 £-mail 





of 1916-47. You'll also receive our fully illustrated 
catalog, plus other fascinating selections from our Free 


Limited-Time Offer! 


2015 marks the 30th year of issue 
of the American Eagle series 


Limited-time offer for new customers 


Due to fluctuations in the coin market, prices are subject to change. 
* “At our cost” reflects market price as of December 30, 2014. 


Please send coupon to: 


Dept. 3SH400 
1309 Mt. Eustis Road 


pAlLittieton, Littleton NH 03561-3737 


America’s Favorite Coin Source « TRUSTED SINCE 1945 


©2015 LCC, LLC 
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SM ATHTUTORDVD 
Press Play For Success 


Having*Math Problems? 





Yes 


Earn A's with Ease 


Get Help Now! 


Basic Math 

Pre-Algebra 

Algebra thru Calculus 

Differential Equations | 
Physics Begin Learning © 


Chemistry in Minutes! 
MathTutorDVD.com 
Probability/Statistics 
alculator Tutorials 
Ae tia igus pues 
VY Award Winning Courses 
V_ Money Back Guarantee 


Order. By Phone:87/-MATH-DVD 








View all courses online or order DVDs at: 


MathTutorDVD.com 


How to stop paying 
high heating bills. 


E-CLASSIC 


Outdoor Wood Furnace 


With the E-Classic’s 
efficient design and 
operation, you can 
use up to 50% less 
wood than traditional 
wood heating. How 
much could you 
save by heating your 
entire home, water 
and more with an 
E-Classic outdoor 
wood furnace? 
Contact your nearest Central Boiler dealer 
today to find out. 


“Furnace and system 
must be properly 
sized and installed. 


r% 
‘ > 


To learn about limited-time, money-saving 
offers and for the dealer nearest you, visit 


CentralBoiler.com 
or call 800-248-4681 


©2015 Central Boiler * ad6811 





phe DR® POWERWAGON %igmp/% 
as BIG, POWER-DRIVEN 4 

WHEELS: rr 
4speeds “ys ! 
and power pe 7 | 
reverse; 
powered 

dump bed; 
electric-starting. 
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Call for FREE DVD and Catalog! 
Free OOO-2L3-1109 


DRpowerwagon.com 





Magnetic 
Cardholders 


Many Colors 
and Sizes 


MagneticCardholders.com 


ONLY 











CAN PREVENT 


WILDFIRES. 


9 out of 10 wildfires 
are caused by 
humans. Which 
means 9 out of 10 
wildfires can be 
prevented. 

So if you see 
someone acting 
irresponsibly, step 
in and make a 
difference. 

Learn more at 
SMOKEYBEAR.com. 


MOS 
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HELLO 
DESIGN, 
MEET SEXY. 





THE ESSE CHAISE 


Beds are for sleeping. The 
Esse Chaise is for everything 
else. Discover what your sex 

life has been missing at 
liberator.com 


BEDROOM ADVENTURE GEAR 
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Underbed Dressers 


Put Up to 24 Drawers 
Under Your Beds 


ultimatebed.com 


A UNIVERSAL LIFT FRAMES296 


— Why spend a fortune for a lift chair? 
EnhanSit simply attaches to the bottom of 
your favorite recliner in minutes, making 
your favorite, comfortable recliner a Lift 

-- Chair quickly and easily. 


fasyast23 = \www.enhansit.com 
Check Website for Specials! 1-888-217-1211 


APPAREL 
MEN’S WIDE SHOES 


FREE catalog 
200+ styles 


Hilcheock 
EEE-EEEEEE, SIZES 5-20 


www.wideshoes.com 
1-800-992-WIDE + Hitchcock Shoes 
Dept.46D5 Hingham, MA 02043 


ELECTRONICS 







ew CO™ CLUS eS com/pop 
Pe iiEs RE SRS 


SOON THE GOVERNMENT 
will enforce the “MARK” OF THE BEAST as 
CHURCH and STATE unite! 
OFFER GOOD IN USA ONLY 
Need your mailing address for FREE BOOKS /DVDS 
TBSM, Box 99, Lenoir City, TN 37771 
thebiblesaystruth@yahoo.com. 1-888-211-1715. 



















Stationary Engines, Tractors, 
Trains, Trucks, Accessories & 
Stirling Hot Air Engines! 


YESTERYEAR TOYS & BOOKS INC. fo 
BOX 537*DEPT.PSeALEXANDRIA BAY, NY 13607 


1-800-481-1353 ¢ www.yesteryeartoys.com 


HEALTH & FITNESS 


GOT WARTS? 
Electronic Wart Remover 
100% successful home treament 
(800) 645-0234 
www. wartabater.com 


NAME BRAND HEARING AIDS 
60% SAVINGS 
e All Makes & Models ¢ Free Catalog 


¢ Ranging from Analog to Ultimate Digital 
¢ 45 Day Home Trial ¢ 50 Yrs Experience 


LLOYD HEARING AID 
1-800-323-4212 www.lloydhearingaid.com 





GOLD/JEWELRY 
K*tNEKT a OO 
ie 
“GEAR NECKLACE | ’ (OAS 
. mew IS 


onereeeiennten com , 888-600-8494 


ANETS RING 


AFTED WITH AN ORBITING 


Bee eee ae | 

seen 81! iM 
GIBEON METEORITE BAND 

N ISK GOLD SET WITH VY GEMSTONES 


eS 


JEWELRYDESIGNSFORMEN.COM 
$31.336.1020 








AUTOMOTIVE 


DONT LET PHOTO TICKETS 
DRAIN YOUR WALLET 


License plate cover that prevents photo tickets! 


* 100% Effective 

* No-Ticket Guarantee 
* Easy 30 Second Install 

* Works against all speed 
red light photo cameras! 


www.PhotoMaskCover.com — now to take advantage of 


(877) 992-9688 


SPECIAL OFFER! 
;Purchase your PhotoMaskCover 

& jtoday and use discount code 

m- for a 5% discount. 


jour limited time FREE shipping 
ithis month! 


OF INTEREST TO MEN 


WHERE SINGLES MEET 
Browse Ads & Reply Free! 
1-888-634-2628 
Use FREE Code 3185, 18+ 


POND & LAKE MANAGEMENT 


LAKE OR POND? Aeration is your 1st step toward improved 
water quality. Complete Systems $169 - $369. Waterfall? - 
11,000gph Water Pump only 3.6 amps! 2yr warranty! Just 
$399.95 www.fishpondaerator.com 608-254-2735 ext. #3 


WATER PURIFICATION 


JOHN ELLIS WAT ER Discovery 
3000% MORE ENERGY 


VIDEO PROOF: 
800 433-9553 | johnellis.com 





FREE REPORT (15 Value) 


H.0 Scams Exposed 


Truth revealed about distilled, mineral, spring, 
reverse osmosis, bottled, alkalized & more... 


800-874-9028 - waterscamsexposed.com 
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E Low Energy Water takes 
pee are’. energy from YOU to 
gortle eL LE! reach equilibrium which 
oAM gy\4 causes low energy!! 

510.290” scientists know the ENERGY 
in water is measured by the 

Hydrogen Bond Angle (from the lowest 

to the highest): 101° (ordinary distilled), 104° 


(ordinary water), 114° Vohn Ellis Water Discovery) 
and finally Steam at 120° with ENERGY that started 
the Industrial Revolution with the invention of the 
Steam Engine by James Watt! Pat’d machine, 13 
countries. With 332 FDA tests, at 84 this works! 


Discover how this phenomenal increase in 
ENERGY CAN CHANGE YOUR LIFE! 
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FOUNDED MONT #H Li Y ee: 


the Boat FNow 1 
Train 


In the 1600s, French engineers 

built the Canal Du Midi, which 
connected the Atlantic Ocean to the 
Mediterranean Sea. But sometimes 

a Canal just isn’t expeditious enough. 
In November 1932, Popular Science 
wrote about a wild plan to replace 
the canal with a 300-mile railway. 
According to the engineer who 
proposed it, the giant, 650-foot-long 
canal locks would act as train cars, 
driving down into the water to pick up 
ships, and after rolling across land on 
rails, drop them off on the other side. 
This would supposedly shave time off 
the trip and cost less than building 

a new water channel. Alas, we'll 
never know. The project never moved 


forward. But the issue of how to : 
improve canals stays with us today. RAILROAD FOR 


This year the Panama Canal's much- o€EANA, INERS .. Page 4: 
needed upgrade will be completed. e 
To read more about the project, turn 


| - "Pm 


to page 30. LINDSEY KRATOCHWILL NEW INVENTIONS « MECHANICS « MONEY MAKING IDEAS 
55 HOME WORKSHOP PLANS AND HINTS « 350 PICTURES 








Length, in miles, of 12th Century 1373 1825 1869 1914 
China's Grand Canal, parts About 85 percent Perhaps the first New York state After 10 years of The Panama Canal 
af which wereconstmicted of medieval trans- example of the opens the Erie construction, is finished after 
in 4th century BCE. It port in Europe modern pound Canal, which the Suez Canal is a construction 
— is facilitated by lock is used in linked the completed. The period marred 
remains the world’s longest inland waterways, — Vreeswijk,Nether- § Midwest's crop 105-mile lockless by yellow fever. 
manmade waterway. bringing a boom lands, where the production with waterway is The canal has 
of commercial river's water level the Northeast’s frequently im- 23 changes of 
canal expansion. ishigherthanthat machinery manu- proved during the direction and is 
of the canal. facturing. decades to come. 51.2 miles long. 
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COMMITTED. 


For Sigma optical performance comes 
first; that’s why there are 4 FLD* glass 


elements In this 16.6x all-in-one zoom. 


That’s commitment. 


18-300mm F3.5-6.3 
DC MACRO OS HSM 


Case, Hood (LH780-07) included. 
USA 4 Year Service Protection 
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SIGMA USB Dock 


Update, adjust & personalize. Customization 
never thought possible. Sold separately. 


*FLD “F” Low Dispersion glass is the highest level low dispersion glass and equivalent to fluorite glass. 


SIGMA Corporation of America | 15 Fleetwood Court | Ronkonkoma, NY 11779, U.S.A. | Tel: (631) 585-1144 | www.SigmaPhoto.com 
Follow us Twitter @sigma_photo and Facebook.com/sigmacorporationofamerica 


WORLD'S 
FIRST 


Ml BATTERIES TRANSFORMED 
TAKING WORN-OUT BATTERIES AND 
MAKE THEM INTO SOMETHING STRONG! 








” OC fregizer\ 
% ecoapvancep . 


gies ele) Ge THE WORLD'S FIRST 
HIGH-PERFORMANCE AA BATTERY 
MADE WITH 4% RECYCLED BATTERIES 


| that’s positivanergy ( ys 








